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Introduction 

Navigation is the process of directing the movement of a 
craft from one place to anothet. The root of the word 
comes from the Latin word Navis meaning ship. Because 
of this, many have suggested that the term for flying should, 
be "avigation" (avis is bird); however, modem air na\dga- 
tion has little to do with the instinct of a bird, and t|e . 
same princij^les of navigation apply to both ships and air- 
craft. Thus, Air Navigation has become the accepted terli/^ 

Air navigation can. be defined as **the process of deter- 
mining the geo^aphical position and of maintaining the 
desired tdirection of an aircraft relative to the surface of 
the earth." Any. movement in this uJiiverse ultimately in- 
volves an intenfion to proceed to a definite point. Whether 
you ai;e \yalking, raiding in your car, tfaveling on shiplJoard, 
or flying in an aircraft^ navigation is the business of pro- 
ceeding in such a manner as to arrive af that .pcunt. Xo^dQ^ 
this safely is an art. Na\dgation is considered both' an art 
and a science. It is a scientific art that is at once interesting, 
fun, exciting, and taidng. There is no more satisfying ieel- 
ing than .flying cross country to arrive over your destination 
precisely^ on time and on course. ,1?herc is nothing more 
frightening than to be low oti fuel at 8,000 feet and not 
know where^jjli are'** ^ ; ! . /^'^ / 

This should be a challenging ^d fun part of your' Aero-* 
space Education course. This text is not designed to make 
you a professional Air Force navigator. It is designed to 
give you the rudiments of light aircraft na^^gation and 
familiarization with the aids to h&ic skills. 
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1 THIS CHAnai iRlnKlucM Vmi to ^ Imte _ 



IBT'^^SUME that next Friday is the last day of the school year. 
jB«re you start your summer job on Monday, you and several 
of your friends decide to spend th^ weekend at the beach. 

In our hypothetical situatiok you are located in Montgomery, 
Alabama, and^ou are going tb the t)eautijful white sands of Fort 
WalrcirFcach, Fl^da. Befor^ pjoceeduig any further, you ?md 
your traveling companions decWe fo go to the local gas station 
and obtain a map, one o^ the IteW fijse items left on the market'.' 
The first thing that you do is to' find Montgomery on your map 
(Fig 1). You now have lartiallV solved the first element of the 
navigadon problem-positiffli. As you look at the location x>t Mont- 
gomcry,4you see^a blob bf roadi and highways. It is difficult to 
choose your particular |)osition on this, map, and you obtai^ 




8" 



FROM HERB TO THfiRB * 

a larger scale city map that gives you more detail (Fig 2). Dn • 
this map, you locate an exact position where you can begin your - 
navigation to the beaches. This position is thp ipterseqtion of Nor- 
man Bridge ^Road and South Boulevard. You now, have solved 
the first problem in navigation — starting from a known position. 

From the known position, you must decide in* which direction 
you will travel. In traVeling. by automobile, you are restricted to 
the highways, a limitation . not found in flying. You decide that 
yoiu: general, direction will be south. If you 'were flying, you jvould 
figure your heading and fly it. In an automobile, you must 
select a highway pointing in that general direction. You have no^ 
splved the second paCrt of the navigation probleni — direction. 

School is out at 3:00 pm. Sii\ce you have not made the. trip 
, before, you, must decide whether to leave on Friday or Satxurday. 




% FIfiurt 2. DttalUd road map stctlon showiitg Montgomery, Alabamd* 




AIR NAVIGATION 

On the map, Route. 3'31 and Route 85 appear to run in the right 
direction ^and will take the least ixfiL. To verify this, you must 
check the distance. This is the third elertient of the navigation 
problem. Distance is ^Iso needed to solv0 time, • the fourth ele- 
ment. To find tHe distance, you^could add up all the little mild- 
ages between towns, a tedious chore at best. On the other hand, 
you could go to the map scale and find how many miles are 
depicted by an inch on the map (Fig 3) In our example, you 
find that ,one inclj equals approximately 20 miles. On the' map, 
almost seven inches represent the distance from Montgomery to. 
Fort Walton Beach. Therefore, it is approximately 140 miles. At an 
average speed of 50^miles per hour (mph), you will take 2 hours 
and 50 minutes driving time. With stops for gas and eating, you 
decide that, by leaving after school, you Ijave plenty of time to 
reach the beach Friday night and find a pllace to stay, rest after 
the trip, andf probably^ nlost important, find the girls. 

You have jusr completed a pre-trip planning problem. In fly- 
ing, this is called preflight planning. Time taken in .pre-planning 
canr save you mahy headaches on your trip, and, when you are 
flying, careful, preflight planning can save your life. 

Let us review what yo;i have done. After deciding on where 
\ you wanted to go, you solved the lojir problems of navigation: 

a. Posltipn-^In our case, a known point in Montgomery — 
^South Boulevard and ^^orman Bridge Road. * 



Alabama 
Georgia 



INTmrATI MOMWAY SYSTIM AMD OTHU SHrtlNIOHWAn 



tM MAM. T* |M MriHMR Clw«r to ftit IM» wly « tahM Mtvwt 



Miltagtt 



Cttf«« an^ T«wn« 



AdflllH«fKilOflHi 














(Can Ml •»« «M aMnt MM«I 
>*n X C*wn#y S««tt 






^ MilSfwy Aitft^ 




^ OtK«f Air^«rH 






»■»•»■•-••' Tl«i* X*iM |»Mw^gri»| 


Scalt •fMlItt 






>f M M 






C 1972, GENERAL DRAFTING CO., INC 







^1 



HoppY Motorinq GUIDC 



FIgvrt 3. Map Ltgtnd with Scalt. 



ERIC 



11 



FROM HERB TO TH?RB 

b. Direction— The' beaches lie soujh of Montgomery; therefore, 
you picked a highway heading south. 

c. Di5?tance— Using the map 'scale, you fpund the distance to be 
approximately 140 miles. V . 

d. Timcr-On -the basis of safe average speed, you^ figured that 
it Yjould' take about 2 ^Kours and 50 iginiltes driving time. 

/The 'actual deftaitions of these elements are: 
a. Positidn is 'some place that can be identified. 
5. Direction is the position of on^ point in space* felativc to 
another without reference to the distance between them. 
'* c. Distance isuhe space between two points 'and is measured 
^ by. the length tof a Ijne joining them. - ^ - . 

dt Time is either thfe hour ot the day or an* elapsed interval. 

* 

MAP. ELEMENTS - 

^ Thus far^ you have used the road map to find* such ftertis as 
position, distance scale, and. road direction. Actually, this map 
can give a lot more infojrmation designed to help ease your trip. 
By reading the map, you can greatly reduce your chances of get- 
ting lost or having trouble. / 

Every map has a legend which is a key to explain the meaning 
of the symbols on thq^jnap. ,Our leg^d (Fig 3) included the 
^ miles scale that vou used to* me^s\ire the distance. 
, Let's take a closer look at the legend. You can tell whether 
the highways thajl you have selected are paved, you can see if 
the highway is finished or being constructed or if it is. only a pro- 
posed route. You selected Routes 331 ^nd 85, Are these high- 
ways paved? Are they divided , highways? Are they inter^tates? 

Yoq can also see in the legend that the map will give the 
approximate sizes of the towns and cities that you will travel 
through, what is the approximate population of Qpp, Alabama? 
How about Florala? . , » 

Additional data is shown on our map, such as the location of 
airpprts, campgrounds, and county lines. Also shown are highway 
route numbers and towns that are .county seats. After leaving 
Montgomery, you pass through one more Alabaman county; seat. 
What is it?) / . 

, You used the mileage scale to find distance. Distances Mtween 
individual points along the highways are marked off on this map 
by little stars, with the mileage noted in numbers about halfway 
between the stars. On other maps, the markers might *e dots 
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' * AULNAVIOAHON . 

or checks. How fax is .it between Luveme, AtaBama, and Brant- 
ley, Alabama? Wqdd it be shorter to take Routel 141 and^ 84 
than Route 331 between Brantley, Alabama, and Opp, Alabama? 
^ How many inilcs ^shorter or longer is it? 

This map shows only a few of the symbols that can be de- 
picted. Relief, cultural, and hydrograiphic features are three 
items among the many that are shown on maps. 

Relief features, w^ich are i^ysical features as related to the 
height o&the land surface, c&n be shown. These include moun- 
tains, hills, plateaus, plains, valleys, etc. Relief features are shown 
by various methods, such as, shading, contour Imes, spot eleva- 
tions, and variations in color. ' ' 

A comnr is a Ime connecting points of equal elevau^n. Fig- 
^e 4 shows the relationship between contour Imes imq wrain. 
/Notia! that, on steep slopes, the contours are xlose together and, 
on gentl&i^$pes, they are farther apart. 

, A spot ^yation is the hfeight of a particular point of terrain 
above sea ^vel. T?|iis is usually denoted by a number next to a 
dot,--andJrindicafe& above^sca level. 

.,^iffer«i colcM^^ used to designate areas of different eleva- 
Ac^ IhesSare^Jralted iints^ ;Shading. ox darkening, as. th(5_ 

heig^viqcreasesisXversionqf gra'dien.tfiht ^ ^ \ ' 

We* liive already seen how ni^^y^^ jnanrmade featur|ps jare. de- 
picted od maps.. These are. knov^. as cidtiind fettinres,' l^pulated 
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. FROKf HEM TO THERE ^ 

places, roads, railroads, installations,- dams, and bridges are some 
of the .many kinds of cultural features portrayed. ^Stjmdardizcd 
coded symbols .denoting cultural features- are usually keyed in a 
map legend. However, some mapX use pictorial symbol^, which 
" are self-explanatory and require no Sxplanations in the lejgend,. 
Just north of Andalusia, Alabaipa, (Fig 1) is a cultural feature 
not explained in the legend. What is it? 

Hydrogmphic features, such as oceans, coast lines; lakes, riyers, 
streams, swamps, and reefs, .are portrayed by either tinting or^ 
blank spaces*. on the map. Some maps show vegetation, such as' 
f)ark areas, orchards, hedger&ws, and vineyards. The maps that do' 
portray vegetation ar^ usu^y more detailed than is necessary for 
out yse.'\ ' ' . 

AJmost anything can be portrayed' on a map in one way or 
^another: Such thiiigs as highway route numbers are ydry val- 
, liable for^^oad map, but'^tliey are not very useful for someone 
^'^"*''"*T*'avrprtmg an aircraft at 6,t)0b feet Maps have many different pur-. 
pd§cs. y one tried to 'shQW everything qu one map that woyld 
be useful for everyone, the map would be so cluttprjtd that it 
Would be^unreadable. - ; * ' « 



jyvoRDS And phrases to remember. 



preflight 
position 
direction 
distance 
time- " 



legend 

relief features 
contour ' . - 
gradient tmts 
cultural features 
hydrographic features 



QUESTIONS 



1.. To get more detaU, we use a map wlOi a laiier/smalleit^^aile? 

2.. The one element of navigation that is needed before any others ean be 
' found is 1. ^ ^ , \ * 



3. The — \ 1^ ^ is the navigatldiei ItUment,. 

that deals witii the relative podtion of two points without regard to dis* 
tance« \ . - ' \ 

4. The separation between two pobiti is the • • 

between these points* ^ 



^5. To And- the navigation element time, you need to Imow the 
\ \ navigation elementii . 
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6» Tht elipced inteml to travel betweeo two ppints is called 

• ^ ' 

7* On every map, the key that expUhu the symbol called the 

• - * ' ^ 

S* l]^iak Figures h 2, and 3| answer the foUpwhig qaes&oos: 

a. Norman Bridge Road in Montgomery I also known as Ropte 

and Business 4loute * . m 

y b» If yon travel 22 miles sooth on Rom 31 from Montgomeij(, yon will 

^* be focated Ml . ' 

c The ahrfield at Andalo^ Alabama, is a military airfield* (I^e or 
False), 

9. The depiction of height of the land surface is diown by 

• features* 

jtO* Three ways to depict land surface height arei 

a* 0 

11. A }ake is an example of a . ^ ^ 



. feature on a map* 

THINGS TO DO 

1. Go tct your local gas sution and get a map of your area. Plan a trip 
from your home some point at least 150 miles a^. Use the four 
elements of navigation to plan the. shortest route. Pick out all cultural, 
relief, and hydrographic features 10 miles on cither side of your route and 
identify them. . 

2, Get a group of students •ogether and pjan a car nay;Jatlon rally. Choose 
a route and write directions for each car to follow. Set an average speed 
to be maintained (well below the speed l^it); set'up check points ai^d 
deduct points for missing the estimated timp of arrival at each point. 
From the map, pick out features along the rout^ and ask the 'bontest^ints 
to answer questions about them. The contestant <Jr^team/jf contestants 



team >of cor 



(driver and navigator) who lose the fewest points win, 

SUGGESTIONS FOR FURTHER READINGS 

US Air Force AFM 51-40, Air Navigation, Vol 1, Washington, DC: 

Department of the Air Force, 1968. 
Lyon, Thobukn C, Practical Air Navigation, Denver, Colorado: Jeppcson, 

1972. 

Sanderson, Aviation Fundamentals, Denver, Colorado. Sanderson, 1972. 




th* Qlr ar« studi«di In fhic chopttr. Upon c<mipT«Hpn of thtt 
chdpltr, you sh^ufd bo ablo toi (1) txplain tho difftroncw 
botwton groi/n^ mdp» and air chortt; (2y Idoniify tho symbott 
\ on an air charfi (3) undmtand tho uso of dlfftront tcolo mopt 
for navigation; (4) undorsfdnd tho batkt of pllataooi and (5) 
undontand proc#duros io bo followod if you aro iostv 

jl' • •• - - . : 

QUPPQSE that, instead of driving to the Florida beaches from 
\ y^Kj Montgomery, you or one of your friends has his private pilot*s 
' license, and you decide to fly to the Talladega International Speed- 
way to see the 500-mile stock car race/The Maxwell AFB Aero Club 
has an airplane available for the weekend, and your friend, the pilot, 
is eli^blef to use it. 

The first step is to find the proper map. The road .map that 
you^ used to drive to Florida was designed for driving. Infor- 
mation on county seats, gas stations, and points of interest is not 
very valuable when you are flying at 6,000 feet. On the other 
hand, some very valuable information for air navigation, such as 
.location of railroads, radio aids, and tall towers are not. depicted 
on a road map. What you need now is a map designed specifically 
for air navigation. 
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AIR NAVIGATION 

% 

If you asked someone for an air navigation map, you would 
probably face a barrage of questions because there are many 
different kinds of air navigation maps. Each is designed for a 
particular method of navigation. Although the words "charts" 
and "map", may be used interchangeably, most professional nav- 
igators, whether on land or sea, refer to maps as charts, tor your 
trip, you need a chart that will show enough features for you to 
navigate to your destination. r 

AIR NAVIGATION CHARTS \ 

^ The pilot of a light aircxjift navigates primarily by lakdmarks^ 
and needs a chart emphasizing the landmarks easily identifiable 
from tiie air. The airline pilot, on the otljer hand, is usually only 
near enough to the ground to navigate landmarks on takeoff 
and landing. It should be noted here -that every flight entails 
some landmark fb^ng .even if it is only to determine that the 
pilot will land on the proper runway. For navigation purposes 
then, the light plane and the airline pilot need diffejrent kinds 
of charts. 

The type of navigation chart needed depends on the missiop 
to be flown. Some of the most common charts in use today in- 
Qlude sectional charts, operational navigation charts, and *jet navi- 
gation charts. These charts are designed primarily for landmark 
flying. 

. The primary difference in these charts is ,t|ieir scale. Obviously, 
charts are much smaller than the area which they represent The 
jatio between any given unit of length on a chart and the true 
distance that it represents on the earth is the scale qi the chart. 
If a chart is to show the whole world and. still not Sc too l^fge, 
it must be drawn to a small scale. To show much detail, such as 
that jiceded for the 'trip from ^Maxwell AFB to Talladega, the 
chart must be' drawn to a large scale^ Because of the larger scale, 
% smaller area is covered by the same size chart as one with a 
'smaller scale. Remember, large area, small scale, small area, large 
scale. 

The scale of a chart may bjc- given by a simple statement, 
such as, "one inch equals ten miles." This means that a disftance 
of 10 miles on the earth's surface is shown as one inch on the 
chart. , 

The scale may also be given as a representative fractiorf, such 
a? 1:500,000 or 1/500,0.00. This means that one of any unit 
on tiie chart represents 5^0,000 of the same unit on the earth. 
For example, one inch on the chart represents 500,000 inches 
pn the earth. ' ^ 



FROM HERB TO THBRB IN THB AIR 

• 

/A representative fraction can be converted into a statement of 
miles to the inch. Thus, if the scale is 1:1,000,000 of 1,000,000 
divided by (6080 x 12), one inch equals 13.7 nautiial miles. On 
a chart with a scale 1; 500,000, one inch on the chart represents 6.8S 
nautical miles. The larger the denominator of the representative 
fraction the smaller the scale. 

One other .means of showing scale is the grapUc scale. This is 
a graduated line usually printed along the' border of a ch^. Take 
a measurement on the chart and compare it wlUi the graphic 
scale of miles. The i^umber of miles that the measurment repre- 
sents on the .eafth .may be. xead disectly from the graoMc schle 
on the chart ;^ . ' * 

They Jet Navigalion (JN) Chart has a scale of '1:2,000,000. 
The chart shows piany pertinent hydrographic and cultural fea- 
tures. It i^ designed for.plannir^ and navigation .for flights by 
long-range^ high-speed aircraft The detail primarily emphasizes 
features that a navigator can identify from a high altitude. A 
map that shows more. detail of liydfographic and cultural features 
is the Operational Nav^tion Chart (OSQ. The ONC scaie of 
1:1,0001000 is larger than the JN and, therefore^ usually does 
not cover as large an area on a single chajct The ONC i^.used 
for medium- £^nd some low-level navigation fgr flights by higher 
speed aircrah. ' ♦ , ' * - ' . " 

, The sectional chart, which you will use on your flight^ is con- 
sidered the basic aeronautical chart of the United States.' The ' 
sectional chart scale is 1;500,600 and has the largest scale of the 
ttute basic aeronautical charts used for landmarjc flying. 

"The Sectional Aeronmtktl Chart provides detailed ground fea- 
^es that are good for visual ground/cjjiart orientaffon at prede- 
termined checkpoints. This type , of chart ^hows m^^y types of 
hydrographic and cultural fcatures.^.it'' also depicts ""aU importadt 
navigation aids and air facilities. ^ 

/ • . * - 

Pavb of Chartt 

.... 

We have looked at the three types "of charts, and, for your n 
flight, we, have dftidcd to use the sectional, the sectional charts 
are produced by the National) Oceanic and Atmospheric Admin- 
istration in WasWngtoil JDhC. They can be bought ^t abnMt *^ycry, 
airport. ^Sincc each se«|^al chart can cover only « a relatively 
small area, we must md which sectional to choose. Figure 5 # 
shgws the ^Uonal charts that cover the United States. This index 
is shown on every sectional chart. Apparently, the chart that you 
will need is the Atlanta Sectional. 
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FlQurt 5. Indtx of Stctionot Chdrti eovtring th« JJ^iiltd Slatt*. 

Let US take a closer look' at our s^jtiMal chart- The first thing 
that you should look for is the title information (Fig 6). 

Note that we have the Atlanta Sectional Chart with a scale of 
1:500,000. It is a Lambert Conformal Conic Projection: we will 
study what this metos later. The next section is'probably the most 
important on the chart. You must check .to' insure that your chart 
is not qjjtdated. As .you 'can see, this chart should have become 
obsolete for use on 27 April 1972. Do not use an obsolete chart 
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ATLANTA 

SECTIONAL AERONAUTICAL CHART 
SCALE 1:500,000 

UmbtrtCoof»finiJC»nicl^6it€ti«n'St«od«*r»r»ti«U «ft<j SI'W 
TopoQfoiihtc dota c«rr*€t«d to Auoutt t971 

•7TH £0mON eoirtcted t. Indw^ tirtptc* ««t«*i»««t< ttftttnrt Octob^ 1 A, \ 971 
/ iftdtn«ttK»«f»nMtlc»l<ttirt€«fvt<*y.S«pt«rnbtr 13. 1971 

th« Mxt tdHkMi |chi^I»d fof mXL 27, 1972 

fUttlSMfO Ml *CCO«OAHCt WITm' MTfUWUCT AH CMTOCWWIC COMWnU 

SMOftCATlWS MO Ac»«i»«nn Amovto it 
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for flyingi!! Running into a new tower riot plotted on an old chart 
can ruin your whole-day. ^ • 

Figure 7 shows .the relief features depicted on our chart. The 
tint shading on the right side \^ made up of 'different colors. 
There is pale jgreen at sea "level, dark green froin 1,000 to 2,000 
feet; pale yellow from'2,000 tp '3,000 f^t,.d^k yellow from 3,000 
to 5,000 feet; andJ salmon colored, frojn ' 5^000 ^ib. the highest 
elevation, depicted on this chart^(6,684 ^eet). ^ - \ ' . ► ^ ^ , 

The aeronautical symbols, pS p^uL^ctional chart ate. depfcteS 
in Figure 8. What does a little paracliute mean? What symbol 
shows aft airfield with a runway over 1,500 f^t long with no 
facilifies? What does the number in parentheses beside a tower 
or obstruction mean? ' ' * * ' 
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AIR NAVIGATION d 

Thus far, wc have found the tide information, relief data, and 
aeronautical symbols us,ed on our chart. With the other data ar- 
ranged around the edge of the chart, these constitute the legend 
of this chart. , • 

One of the more unportant items found in the margin of the 
chart is the list of prohibited, restricted, warning, and alert ^eas 
tha(\ar^ included on the chart (Fig 9). This list explains restfte^'' 
tions that apply in a particular area and who is responsible for th'e 
area. Also found here is an explanation of what is a proljibitcd, 
restricted, or alert arc?. Are you permitted to fly into a prohibited 
ar6a? What th&^f^trictions for an alert area? 11^ I wanted to fly 
t^urough R-ZlOZ, whom would I* contact for- permission? ^ 

Mudh more information is included in the margin of your chart, 
such as the graphic scale, special notices, remote control fre- 
quencies for radio contacts, and control tower frequencies. This 
information could useful, and you j/hould be familiar with each 
of the^e items. 
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As you Study our map more closely, you notice that the upper 
half of the area is printed pn one side, and the lower half of nh^ 
area is printed on the omer s^e. ^ , 



FWGHT PLANNING 

> < 

We have selected the iectional chart A)ecause^V*gives^ enough^ 
det^ls of points on the ground so that we can use tBem ia navi- 
gating from Maxwell AFBfi to Talladega. This type of landmarks 
flying is called p^otage. In the United States, as long as the vyeather 
is good, it is possible to fly almost ^ywhere by pilotage. Other 
meai^ of navigation are explained later, but the basic method 
of^^ht plane Tiavigation is pilotage. * 

Wheth^ the flight is enjoyabb depends a great deal on how 
well you preplan or. preflight. Preflight activities include not only 
planning the flight but also making a check of your aircraft. 
Here, we are primarily concerned wtji nhe preplanning bf^ur 
flight. ^ * - 

The next step after selecting your chart is . to check the Ainnan's 
Infdnnation Manual (AIM). The' AIM is divided into four parts 
and a supplement. Each part of the XlM contains information vital 
to the planning of your flight. 
Piurt 1 contains textbook type^ material; such as a ^Glossary 
* of Aeronautical Terms, Emergency Procedures, and Health and 
Medical Facts of interest to flyers. This part is revised' and tissued 
every thr^monthfe.* • ' * 

iPsLXl 2 oTthe AIM is the Airport liircctory and is a listing of 
flight service station and weather bureau telephone numbers. Part 
2 is revised and is >ued semiannually: ^; : 

Operational ^ata pd Notices to Airmen. This 



Part 3 contains 



part is issued eveiy 2& days. The Notices to Aiimen (NOTAMS) 
section, which is a, supplement to Part 3, includes items considered 
essential to the saf ity of flight. This ^pplcment is published every 
14 days. ^ • , i * 

Part 4 o*f the AIM is eiititled **Graphfc Notices and Supple- 
mental Data/* It contains a list of abbreviations used in AIM and 
other items,^^such. as Heavy Wagon and dil Burner Routes ''(high- 
speed low :lera^' navigation training routes for Air Force bombers 
and fighters). This part is revised semiannually* 

For your flight, you need to check Part 2 closely for information 
about^ your destination airfield Talladega, and you .also ^need to 
find th^" telephone number of the nearest weather station. In 
Part 3, you should take a look at the NOJAMS to insure that 
none of these affect you. On every flight, parts of the AIM should 
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be checked, and the flyer should be at least familiar with all 
parts of AIM. 

After selecting your chart and checking the AIM, you should 
check the weather for current reports, forecasts for enroute and 
destination weatheri winds at flying altitude, and pilot weather re- 
^ ports (PIREPS). ITiis can be done by telephone, Kut ^ visit Jo 
^ the weather station a? an airport is preferable.* ' ^ ' ' ' . 

On your flight, you will navigate by pilotage or lahdmark flyhig. 
This, of course, means that you will need to maintain visual con- 
tact with the ground sft all tunes. This type of flying is considered 
to be under visual fl^t rules (YFR). If you were making your 
flight in weather, you would fly imdQr instrument flight rules 
(IFR). Whenever you fly IFR, you musf file a flight planVitH 
a Federal Aviation Administration (FAA) flight service station 
(FSS). An TSS is an air-ground voice communication station, that 
relays clearances^ requests for clearances, and position- reports be- 
twe^n.^enroute aircraft and traffic control centers. In general, the 
FSS is a facility that aids the flyer during all phases of the flight. 
For' VFR flights, you ace not required to' file a flight plan; but 
it is a ^ood idea to do so anyway. Figure 10 shows the flight plan 
for ypur proposed flight. With a fil6d flight plan,^ everyone knows 
your intentions, and, if something happens, the proper agencies 
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will have the information that they need. For example, if you 
are overdue at your destination, search procedures can be started. 

In explaining every little detail, we make it. appear that a great 
deal of work is associated With preplanning a flight. In reality, 
after a few flights, you will develop a routine, and , almost 
everything explained so far can be done in a few minutes. These 
few minutes can saye a lot of ^rief and maybe even your life. 

Everything discussed so far is done on every flight. The next 
few steps of flight planning are concerned primarily with your 
method Of navigation-pilotage. If you were planning to fly IFR 
by radio navigation, you would flight plan differently. 

• . ' PILOTAGE PREFLIGHT 

You have checked the weather^ and f9und it to be "good" 
between Maxwell AFB and Talladega, and it is forecast to remain 
so. In checking 'the AIM, you find that the airfields 'are okay and 
will be open for your flight; , ' . . ^ 

The next thing is to plan your route of flight in detail. This in- 
Kcludes the {our elements of navigation; position, direction, dis- 
tance, and time. ^ • ' 

Taking your up-to-date chart, the first thing is to locate your 
departure and destination points (Fig 11). This gives the first 
element of the navigation problem-position. Maxwell AFB just 
outside of Montgomery, Alabama, is your known starting point. 
Talladega Airport is located northeast of Montgomery. Afte^ lo- 
cating these two points, you should have drawn a. line between 
them whether you intend to fly the straight-line route or not. 

To prepare the chart fo^feasy reference and to figure their dis- 
tance, most pilots mark the line in 10-mile^ increments. This 
can be done by layii^ a j)iece of paper along the statute mile 
line of the graphic scale and marking 10-mile increments along the 
edge of the papef. Next, lay the paper along the route and transfer 
the 10-mile marks to it. Many navigators mark each increment 
with the mileage; others indicate the 50-mile mark by making it 
longer than the 10-mile marker. Your straight-line route is 84 
miles long. You have solved the distance element of your naviga- 
tion problem if you decide to fly the straight-line route. 

Your aircraft cruises at 120 mph or 2 miles per minute. The 
time enroutc for a straight-line flight is 42 minutes "^(84 2). 

On your straigHt-line course, you see that your direction is ap- 
proximately northeast. While you are looking at the strai^t-line 
route, take a minute and study it. Is it the safest route? Does it 
make you fly over high terrain or over wide bodies of water? 
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Are there emergency airports that you can use in case of aircraft 
malfunction or a thunderstorm? Also, are there plenty of land- 
marks along the rpute so that thcr© is no chance of getting lost? 
\yhen navigating by pilotage, you 'should always have an alternate 
rdute that will help to insure an easy and safe flight. 

When you look for alternate routes, you should remember that, 
since this chart is designed specifically for flying, it omits some 
items which might hide significant navigation points. On the other 
hand, some features are shown out of proportion because of their 
navigational value. For instance, on your proposed flight to the 
races, the destination, Talladega airport, is shown as being over 
two miles square in size. In reality, it has a 6,000 ft runway, 
and it is a riiile long narrow complex. From the air, however, it 
stands out as a good navigation point, and it is, therefore, em- 
phasized on the chart. 

After studying the chart, you decide that the straight-line route 
docs not appear to be the easiest or the safest. You note th^t 
after crossing Lake Jorcjan 20 miles out of Maxwell, you will 
not have many good checkpoints or landmarks for 30 miles. Also, 
there are only a few emergency airfields in this area. 

You decide to follow the straight-line route for approximately 
19 miles to Lake^Jordj^n and then turn left to follow the Coosa 
River and^thc power line to the airport, dam, converging power 
lines, and power plant just north of Ware Island. From *thcre, 
you will turn right, following the power line for 12 miles until 
you pick up the railroad, road, and powerline running into 
Sylacauga. After crossing the town, you will pick up the road, 
railroad, and powerline running northeast to Talladega. From 
there, you can fly north until you see the destination airfield 
nex^to the racetrack. 

Overall, this route appears to be the safest. It has emergency air- 
fields along the route and plenty of landmarks to navigate by. 
With the jcxception of the short distance between Ware Island 
and Fayet{eville, you are not depending on only one linear fea- 
ture to follow. A linear feature is a straight road, railroad, powel: 
line, etc, which can be followed. When you pick only one, especi- 
ally a road, it is very easy to pick the wrong one and become lost. 
The best method is to find two linear landmarks running in your 
direction so that you can make a crosscheck. Also, you need 
distinct features crossing the route so that you can check your 
time to see how fast you really are moving across the ground. 

The Federal Aviation Administration (FAA) produces VFR 
Pilot Exam-O-Grams, which arc brief and timely explanations of 
important aeronautical items. In VFR Exam-O-Gram 1^ 18 is 



some very good advice for your flight: 
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"Remember this point. Be sure you have up-to-date charts, 
including those adjacent to the one in use. Everythmg wluch 
appeal? ^ on the chart will usually be , on the ground, but no 
standard chart is so detailed that everything you can see on the 
ground can also be found on the chart." 

When you mark off 10-mile distances on the new route, you 
see that the total is 94 miles. By taking a safer and easier route, 
you have added only JO miles to your distance. At 120 mph, 
this amounts to a total of 5 minutes more flying tune, a small 
price Jo pay for safety 'and peace of mind. 

When you checked the weather, you found that the winds 
at your flight altitude are light and variable, therefore, your cruis- 
ing speed of 120 mph will also be your speed over the ground. 
Thus, at 2 miles, per minute, you will take approximately 47 
minutes flying time to reach your destination. You actually need 
to add about 2 or 3 minutes to allow for time to climb and reach 
cruising speed. On your flight plan, under Estknated Time En- 
route, you insert 0 hours 50 minutes. This completes your pre- 
flight planning. 

You have checked the weather and AIM, filed your flight 
plan, and studied your route. You can now proceed to the air- 
craft and perform the preflight checks on it. After strapping in, 
starting the engine, and taxiing to the end of the runway, you ask 
over the radio for take off clearance. You are cleared and ready 
for takeoff. 



Takeoff from Maxwell AFB was tiiade on Runway 36, meaning 
that you took off going due north. As you start your takeoff 
roll, you notice the time. It is 1000 (10.00 am); you only need 
^o turn a few degrees right to be on course. 

You climb to your designated altitude of 5,500 ft with the lo- 
cal altimeter setting set in your altimeter. You chose this altitude 
because your first heading was made in the eastern heiiiispherc 
of altitude separation (Fig 12). After making your first turn over 
Lake Jordan, you will be heading toward the western hemisphere, 
and you must cither climb to 6,500 ft or ^op of 4,500 ft. 
' At 1008, you pass, over the Wetumpka Airport,, which Js located 
at your 10-mile mark and should be just to your left. In quick suc- 
cession, you spot the little' town of Elmore* with its distinctive 
junction of raihoad$, immediately followed a little further to the 
left by the small lake and prison. Just beyond this point, you see 
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Lake Jordan, and you cross-check your "position using the dam to 
your right and the converging power lines. 

As you cross the shore of tha lake, you turn left and notiqe 
the iy/o distinctive lake inlets, one on either side as you come 
up on the 20-mile mark. The time is 1j013 or 13 minutes into 
your flight. Ypu fed planned to fly 120 mph, which should have 
* ' you at 20 miles in ^10 minutes plus 3 minutes lov takeoff (TO) 
and climb. Xou are right on schedule. . ' 

You fly to one side 'of the river out of, Lake Jordan to pick 
out landmarks, such as the distinctive curve just short of tfie 30- 
mile mark '5rfd the, bridge, dam, power plant, and tower at about 
33 miles. You note jour time when you pass the dam, and it i^ 
1021. You^oufd have reached this point in 19Vi minutes (16Vi 
f 3 for TO and climb). You decide that some wind»must be slow- 
' ing the aircraft, since it appears tiiat you are behind your flight 
j)lan by IVi* minutes. No sweat!! 
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The camp at about 36 miles is not visible from the air, but 
you don't worry, since the wide lake finger to your right is very 
distinct. At approximately 42 miles, you spot the river island and 
then the second island with Ware Island Airport on it. These are 
followed by your turning point, the dam and power plant. 

you make the turn at 1027. Your planned time was approxi- 
mately 1024 Vi- still no cause for worry. Since this leg has few 
check points, you need to be very careful. You pick out the power 
line running northeast', and, crossing the finger ^ot the lake, yoii 
start to follow the power line. Here you arp violating a basic 
principle of pilotage: don't follow only one landmark. Only a 
short distance further, you spot Fayetteville and the railroad run- 
ning into Sylacauga. In Case you had missed this checkpoint, 
you ha^ planned to fly until you crossed Ro.utc''280, a divided 
four^Iane highway, and then turn right back to Sylacauga. How- 
ever, since you have spotted Sylacauga and Lee Merkle Airport 
along the highway, you don't need to use this, alternative. 

Turning over Sylacavga, you easily sight and follow the rail- 
road, road, and powerline running northeast. At Sycamore, an 
excellent checkpoint with all your landmarks converging, you no>e ^ 
that your time is 1040. Some U the time lost eariier has 'been 
regained. At preplanned speeds, you would have crossed this' 
point at about 1039. You were 2V4 minutes behind your flight 
plait the last time you checked. Now the difference is only about 
a minute. Things aire looking good. , 

At the SO^mile mark, you cross the very distinct railroad bend 
^ftnd spot the town of Talladega straight ahead. Over Talladega, 
you make a slight left turn and fly directly to your destination 
airfield. As you enter the ddwnwind leg for landing, you note 
that it is 1050. Right on time^ 

After landing, parking, and going into operations, you make a 
telephone call to the Anniston FSS to close your flight plan. Now 
on to the races. 



It seems that all who fly cross-country are destined to lose their 
way" or become "temporarily misplaced" at one time or another. 
.For this reason, you should give some thought to procedures and 
practices that may be used to lead wandering birdmen out of the 
wilderness. 

The Federal Aviation Administration gives some excellent adr 
vice on what to do whcn/lyou find yourself unsure of where^you 
arc: ' " 
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1. Don't fight the problem; solve it. Stay loose; don't hit^the 
panic button^ Panic virtually assures that all the thinking g^ will 
' grind to.a^ialt.' * • ' ^"^a 

2r%Analyze and evaluate as to: . ^ 
^ ^ a. Fuel available and consumption rate.' How much longer 
"^can you fly with the fuel you have? Be conservative,, not hope- 
' lessly optimistic. - • • . . 

b. Weather, It is good, bad, indifferent, improving, or de- • 
terioratmg? , 

c. Equipment. Is everythmg functioning? 

d. Terrain, Is It open land, flat country, mountains, marshes, 
• " semidesert, or sparsely or thickly populated? 

e. Daylight. How much do you have left? Once you have 
assessed the .situation, you caii make vital decisions. One of the 
first is |o decide if help is available, or are you alone? 

^. ' ' The following are the steps that you should take if evpry- 

' thing, such as fuel, daylight, and weather, is in good shape: 
« a. Keep going straight. Establishing a course because you have 
a hunch or because you "got a feeling" is fbr the birds. Don't 
.wander aimlessly^ 

b. Use information about your last known position, elapsed 
^tjune, approxunate wind and ground speed (air speed is better 
^tiian nothing) to establish how far you have traveled since your 
7 '^<feast check point ■ , < ^ 

V c. Use t^iis* distance as a radius and draw a semicircle ahead 

^bf, thp last known position, ou tBe chart. For example, on your 
7 fli^t, you Hew at 120, mph, and this was about the speed over 
•\ the ground, too. If you 'had become lost 10 minutes from a check- 
;^,f)oiat, then you would have drawn your semicircle 20 miles from 
vKthe' checkpoint. * . - \ 

"^^d. Loosen up tbe eyefcalls and starf some first-class pilotage. 
Don't overlook die possibility of being lost, yet right on course 
or very nearly. j^o!! First, look tot something big. Don*t, concern 
** , yourself with the minute or triviiL^a.t this point unless nothing 
better, is Available. Often. there ^ will T}e linear featurefs, such as 
* rivers, mountain ranges, or prominent rdlads and railroads, which 
will be easy, to spot and identify. If you can't ^find anj^hing or. if 
you still cdn*t find yourself, use anytlung that might help, don't 
pass up a thing. Don't go- down lovsT aijd stay there! As a gen- 

; eral ruk; it is both safer and easier higher, altitudes. 

\ What should you do if you become lost §nd you have other 
problems? Lost and low on fuel; lost with the weather deteriorat- 
ihg; lost with night coming on and no night-flying or instrument 
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experience; lost with engine trouble or some equipment mal- 
functioning; GET IT ON THE GROUND! Most accidents are the 
product of mistakes thaf have multiplied over a period of time. 
Gfetting lost is no excep^on. If terrain or other conditions make it 
impossible to get down at the moment, don't waste tiipe. Don't 
search for a fielci comparable to Kennedy International. Anythmg 
usable will do. 

Once again, the FAA gives some good advice when .you're lost 
and have other problems: 

l^ever fly until the petrol peters out There are few things so 
nerve-shattering as the rustle of the wind when an engine has 
coughed its last. 

Never fly until the sun slowly sinks in the golden west. It may be 
a beautiful sight, but the goblins will get you if you don't watch 
out. 

Never fly until the biggest and meanest goblin of them all, die 
Bad Weather^ falls flat on hisitce. He will do his best to take you 
with him. . ' , 



WORDS AND PHRASES TO REMEMBER 



scale AIM 

graphic scale ^ NOTAMs 

JN chart f DREPs 

ONC ^ 

Sectional Aeronautical Chart . u^gar feature 

pUotage VFR Pilojjpxam-O-Grams 

QUESTIONS 

ll What is the diffcrmee between a chart and a map? 

2. The difference between ONCs, JNs, and sectional charts is based on 
their ^^^^ . 

3. What is the deflnition of dhart scale? 

4» If two charts are the same rfze, the one with the ^ scale 

wiU corer a larger area than the one with a scale. 

5. Navigators and pUots of what types of aircraft use JN charts? 
6* Match the scales of the followbig charts: 

a- JN , t 1/1,000,000 

b. ONC 2. 1/500,000 

c. Sectional ^ 3. 1/2,000,000 
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7/Where can the date b^oudd when a chart becomes obsolete? 

8. There Are wious methods that show terrain elevation on aeronautical 
charts. Name two. 

9. What is the difference between a prohibited, a restricted, and an alert area? 

10. How are prohibited, restricted, and alert ar^ depicted on the charts? 

11. The basic*methofl of light plane navigation is . " ^ 

12. What are the four parts of the AIM? How often is each ^mrt revised 
« and reissued? 

13. What is an Oil Burner Route? 

14. Triie dt False. A flight plan must be filed on all VFR flights.^ 

IS» Trae or False. Everythh^ on a chart is shown hi dhrect proportion to 
its real size. 

16. On a VFR flight headhig west, your flight altitude should . 

a. 5,000 ft ' ^ , 

b. 5,500 ft • ^ ' 

c. 6,000 ft • < ' 

d. ^6,500 ft ' ^ ^ 

17. On >our hypothetical flighf to Talladega Airpdrt, you closed your clear- 
ance witli i telephone call to the Ajiniston FSS. How did you know. that 
Anniston was the Hght FSS? ^Vhere did yjou get the telephone number? 

18. What should you do if you find yourself lost and yoUr one and onljrf 
enghie is beghinhiKto run rough? ^ / 



THINGS TO DO ' » . 

1. CoHcct an example of different scale charts and study the different fea- 
tures that arc emphasized. Make a report on yoiir observations of all 
the differences of the charts that would affect pilotage navigation, 

2. Take n scctibnal chart 'and answer the following questions. 

a. True Or FalscJ Airports that are closed are not shown on the chart. 

b. Interpret the following data showii ^xt to the Talladega airport - 526 
* L 60. / . ' 

) c. If an airport symbol has a little star on ij, what docs it have? 
* d. How is an abandoned airport symbolizfcd? 
— c. On your flight, you flew over W;e(umpka 4\irport. How long is its 
. longest runway? 

f. How 'is an obstruction below 1,000 feet above ground level depicted? 

g. How is a water aerodrome with no facilities depicted? 
•A 

Set up two teams and have the instructor ask questions about different 
features on a chart. The team answering the most correct wins the competi- 
tion. ^ ' 



3. Obtain an AIM and study all the data that it gives. 



AIR NAVIOATION 

4. The FAA VFR Pilot Exam-O-Grams are distributed free to individuals/ 
Write to the FAA and obtain a set for your unit. Also have the unit 

^. put on the list for future Exam-O-Grams. Make a report to the class 
' on what §xam-0-Grams are and how they are used. - 

5. Preplan a pilotage flight on a sectional chart between any two aerodromes. 
If possible, fly the route that you have planned. If you can't fly it, 
pretend that .you are 26 minutes from your departure point and your 
engine quits. Where do you go? 



SUGGESTIONS FOR FURTHER READING 

US Air Force AFM 51-40, Air Navigation, Vol. 1, Washington, DC: 

Department of the Air Fprce, 1968» 
Federal Aviation Administration, "VFR Pilot Exam aCrams," Washington', 

pp: Department of Tfansportation. 
Flight Services Diyisiop, Airman's Information Manual (AIM), Washington, 

DC: Federal Aviation Administration. 
-JLyon, Thoburn C, Practical Air Navigation, Denver, Colorado; Wppcson, 
. 1972. , , • 

Sanderson, Aviation fundamentals, Denver, Colorado. Sanderson, 1972. 
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Navigation Elemeiits 



THIS CHAPTER expiolns the navigation method/^f e^fpr^ishug 
posttbn^ direction, dUtonce, and time« Each or thetf four 
basic elements of navigation cirt explained and various 
methods of their determination are discussed. After studying 
this chapter^ you should dbte to; (1) understand the dif* . , 
ferences iMfv^een great circles and small ctrctes; (2) plot 
po!sifioDs through the use of latitude and longitude; (3) under* v. 
stand the bosk mAsure%*of distance an.d speed; j[4) undei> 
stand the elements of direction; and (5) apply Gretny^lch 
Me<4n Tlm9 o^d zone-time concepts* / 



IN CHAPTER 1,. wc identified the four basic dements of navi- 
gation, position, direction, distance, and time. In chapters 1 and 
% we applied these four elements in our two trips, one driving 
and one flying. For short flying missions using only pilotage, our 
method ol using these elements might be satisfactoo^. However, 
as you increase distance, altitude, and speed and include su(:h 
factors as weather, and heavy traffic, terms like northeast for 
dkection or 10 miles south for position are not adequate. Here, 
we ?tudy in depth the basic elements of navigatibn. This will 
enable you to use more sophisticated methods of navigation. 

O ' .29 
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AmNAVIOATIC^ . 

Ei^TH'S SIZE ANd\5^APE 

pQt most navigational purposes, the earth is assumed to be a 
pe^ect sphere, although, in reality, it is riot. Measured at the 
jcquator, the earth is approximately 7,931.5 miles, in diameter, 
and the diameter through the pol^s is approximately 7,904.6 
miles. This difference of 27 miles does, not prevent us from as- 
suming the earth to be spherical for navigation purposes. Thi|i.^^ 
assumption has proven to be practical since, for centuries^navLg * 
gators on the water or in the air have reached their destifllaupns^ 
based on it, . 

Great Circles and Small Circles, A great circle is defined as citcle 
on the surface of a sphere whose center and radius ar^ those of the 
sphere itself. It is the largest circle that can be drawn on the sphere. 
Figure 13 shows some great circles. The equator is an example of a 
great circle. Meridians discussed later are great circles. 

For the navigator, the single most important aspect of great 
circles is that the arc, or piece of the circle, is the shortest dis- 
tance between two points on a sphere. It is just as a straight line 
is the shortest distance betwee^ two points on a plane. 

Circles on the surface of the sphere other th^^ great circles 
are defined as small circles. AH latitudes, with the exception of ' 
the equator, are small fcircles. 

POSITION 



Th& nature of a sphere is such that any point on it is exactly 
like any other point. In. order. that points may be located on the 




SMAa 

cma^ 




FIgur« 13. A Grtat CircU i$ th« Largest CtrcU on a'Sphtrt. 
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earth, lines of reference are necessary. In your two navigation 
problems, you described your ^destinations, I^t. Walton Beach and 
Talladega, as so ipany miles in* a. certain direction from Maxwell 
AFB. ' , 

This type of position description, however, does not lend itself 
readily to navigation. It would be difficult to locate a point pre- 
cisely in^he middle of the Pacific Ocean, since there isn't any 
nearby known geographic feature to use for reference. For that 
matter, when referring to something as being 10 miles from New 
York City, from where do you start measuring? This method of 
describing position is not precise enough for air navigatiom 

A system using imaginary reference lines has been developed, 
to locate positions on the^^rth. These lines are known as parallels 
of latitude and meridians of longitude. The numbers representing 
a position in terms of latitude and longitude are known as the ^ 
coordinated of that position. 

Latitude. — The equator is a great circle midway between the 
poles, and its plane is perpendicular to a, line connecting the poles. 
Parallel with the equator are lines of latitude* Each of thes^ par- 
allel lines is a small circle, and they have a definitive location. 
The location of the latitude is determined by figuring the angle at , 
the center of the earth between the latitude and the equator. 
In Figure 14, this angle is 45°. Thereford^ this would be the 45® 
parallel of latitude. % 

The equator is latitude 0°, and the poles are located at 90® 
latitude. Since there are two latitudes with the same number 
(two 45® latitudes, two 30®, etc), the letter designators N and S 
are used to :show which latitude is meant. The North Pole is 
90®N and the South Pole 90® S. Thus, the area between 'the 
poles and the equator are known as the Northern and Southern 
Hemispheres. 

Longitude.— We have seen how the north-south measurement - 
of position is figured. With only this information, however, it is 
still not possible to locate a point. This difficulty is resolved by 
use of longitude, which indicates east-west location. 

There is no natural starting point for numbering longitude. 
Therefore, the solqtion has been to select an arbitrary starting 
point. A,^ great many places have been used. When the English 
speaking 4)eople began to make charts, they chose the meridian 
through their principal observatory in Greenwich, England, as the 
zero degree line, and this line has now been adopted by most^other 
countries of the * world. The Greenwich Meridian is sometimes 
called the first or prime meridian, though, actually, it is the' zero 
meridian. Longitude is counted east and west from this meridian 
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through 180 degrees, as shown in Figure 15, Thus, the Green- 
wich Meridian is the 0 degree longitude on one side of the earth, 
and, after crossing the poles, it becomes the 180th meridian (180 
degrees east or west of the 0-degree meridian). Therg{pre, we 
have all longitudes designated either east or west, e.g., HO'^E or 
90^Wy and these designations define the Eastern and Western 
Hemispheres* 

Finding the Place* — If a globe has the circles of latitude and 
longitude drawn upon it according .to the principles described and 
if the latitude and longitude of a. certain place have been determined, • 
a given point can be located on the globe in its* proper position (Fig 
16). 

Latitude is expressed in degrees up to 90, and longitude is ex-^« 
pressed ui degrees up to 180. A degree (®) of arc may be sub- 
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Rflurt IS.^longltudt is Mtasurtd Eait ond Wtit of tht Grt«nwich Mtrildon. 

divided into smaller units by dividing each degree into 60 min- 
utes (0 of arc. Each minute may be further subdivided into 60 
seconds n of arc. 

A position on the surface of the earth is expressed* in terms 
of latitude and longitude. Latitude is expressed as being either 
north or south of the equator, and longitude as either east 
or west of the prime meridian. V . ^ 

' " ■ X. 




FIflOrt 16. latifud* 7s Mtasurtd frdm tht Equator^ longitudt from tht Primt Mtrldion.t 
Togtthtr Ihty dtscribt a point on Iht gfobt. 
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•AIR NAMOATION . 

On your flight in Cha|)tcr 2, you started from Maxwell AFB. 
Let's, suppose that/you were looking at a large ^chartxand had no 
idea where MaxweU is located. All you needed to know was the 
coordinates, pi Maxwell, which are 32^230^ 86°22'Waand you 
. could locate it easily. Every point on earth can be locatM through 
this system. ^ • * . ' . ^ 

Smaller areas can be located b^^omg, beyond degrc^cs and min- 
utes and usmg seconds. ^ ' ' 

. DISTANCE * 

/ 

Distance', as previously defined, "is "measured by the length of 
a line jpining two points, in navigaUon, the most common imit 
for measuring.^ distances is. the nauUcal milei. The nantibd mile is 
^ about 6;076 ft (sgmelimes rounded to ^,080 ft). It is also equal 
* to one minute of arc on a meridian, which is oiie minute of ht^ 
itude. V ;; • . * - ' 

To convert nautical miles into statute miles, the statute mile 
.figure can be multiplied by the factor 1.15. For example, 10 nau- 
tical mU^ equal 11.5 statute miles.. To. convert nautical miles to 
statute miles,* you ^can mfulUply the nautical miles by .87. For ex- 
ample, IQ statute liules equal '8^7 nautical miles. A measure of 
distance used in Europe and now being considered fpr usd in the 
United States is the Idlomcter, or 1,000 meters' A kiloineter equals^ 
approximately 0.<S21 of a stat^te mile or' about ,54 df a nautical 
mile. Appendix B of this^^book expl^ns a sunpler method to make 
a|Fof these conversions, v 

Closely related^ to the except of distance is speed, which de- 
termines die ra'te of chan^ of {Position. Speed is usually 'expressed 
in miles per hour,* tbis-^Jeing either statute miles per hour or nau- 
tical miles'pcr hjiw, If the mpasure of .distance is nautical miles,* 
it is .custoniW^^to , speak of 'speed in ' terms; of knots* 'Thus, a 
speed of 20Qr knots and a speed of 200 nautical miles per hout 
mean the same thing. It is incorrect tq say 200 knots pe^^ hour, 

On your trip in Oiaptef 2, you flew 120 mph. For" naviga- 
tional purposes, this would convert 'to« 104 knots. From now on, 
we use nautical miles (nm) for distance and ktiots (k) for speed. 

- ■ ■ ■ • . 

T>1RECTI0N * 

Direction is the position of one point in spaCe relative to an- 
other without reference to the distance between them. The use 
of points of the compass specifyhi^ direction (north, north-north- 
west, northwest, w^t-northwest, west, etc) is nQt adequate for 
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modem navigatidh. It has been replaced, for most purposes, by a 
numerical system. • 

The numeric^ system (Fig XT) divides the horizon into 360® 
starting with north as 000'' and continuing clockwise through e^t 
(090?), south' (180**), west (270^), and back to north. ?^ 

This ckcle, called a compass rose, represents the horizon di-) 
vided into 360®. In Figure 17, position B lies at a true direp^ 
tion of 062® from A, and position C lies at a true direction of 
295® from A. 

Since determination of direction is one of the most important 
parts of the navigator's work, the various terms involved should 
be clearly imderstood. 

Coin^e is intended horizontal durection of travel. 

Heading is the horizontal direction in' which an aircraft is 
pointed. Heading is the actual orientation of the longitudinal axis 
of the aircraft at any mstant, while course is the dkectipn intended 
to be made good. 

Track is the Jctual horizontal durection traveled by the akcraft 
over thp earth. 




AUt ^JAVIOATION ' 

K we plot a course from T^Iew York to London, we see some- 
thing interesting (Fig 18). The dttection of the great circle makes 
an angle of about 50° with the meridian of New York, about 90° 
^th the meridian of IMand, and a still greater 'ang^e with the 
meridian of London. In othtt words, the directicm of the great 
circle is constantly changing as progress is ihade along the route, 
and it is different at every point along the great circle. Flying 
such a route requires constant change of direction and^ would be 
difficult t9 fly under ordinary conditiotis. Still, it is the most dev 
sirable route, since it is the shortest distance between any two 
points. ' ' , - . * 

A lipe that makes the. same ang^e ^with each meridian is called 
a rhumb line. An aircraft holding a constant true heading wSuld 
be flying a rhumb line. Flying this sort of path results in a greater 
distance traveled, but it is easier to steer. Between two points on 
the earth, the great circle is shorter than \hc rhumb line, but the/ 
difference xs negligible for short distances (except in high latitudes). 




.Ftgurt 1$. Grtat Ctrcit and Rhumb Unt. 
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TIME 

The earth makes a complete rotation of 360* during a 24 
hour day. The Equator could, therefore, be divided into 24 hour^ 
as well as 360'', One hour represents IS"" of longitude. Longitude, 
as we have seen, is expressed in degrees, minutes, and seconds. 
It is also possible to express longitude in hours, mmutcs, and sec- 
onds of time. For exampk, a point at 60* longitude may be ex- 
* pressed as four hours west of Greenwich. 
. Zone time. — ^Before the establishment of zone time in 1883, 
eyery cRy and town had its own time. As you xnay^ well imagine, 
this situation caused hiuch confusion. Once tim&^ zones were es^ 
?ablished, there was less confusion. , , 

Each time zone is IS* of longitude (one hour of angulat meas- 
are) in width, and the first zone centers on the prime meridian. 
However, irregularities have crept into the system because some 
towns have decided to keep th^ time of some large city farther 
west or cast. Further confusion entered the picture when "Day- 
light Saving Time" was' introduced. This set the clocks in the at- 
fected area one hour ahead* ^ ' * 

In Figure 19, you can see lhat the United States^has four st^d- 
Ard time zones. The time in any given zone is one hour earlier 
than in an adjacent eastern zone and one hour later than in an 
adjacent v/estem zone. 




Figurt 19. Standard Tim* Zones In the Unittd States. 
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Pilots sometimes become confused in reporting their estimated 
time of arrival (ETA) because the> cannot remember whether they 
niust add or subtract an hour. Most pilots use one of two methods 
to give the correct time. First, some pilots give their ETA accord- 
ing to the time that their watch indicates. If their watch is set to 
central standard time (CST), then they specify CST when giving 
their ^TA to the tower. I;or example, a pilot's ETA is radioed 
in as 1630 central standard tune. The tower personnel then know 
♦at what tune the pilot expc£ts to arrive. They can determine the 
correction necessary for their specific zone. 

Greenwich Mean lime.— The use of Greenwich Mean Time 
avoids tht neccssitj of considering time zones. Greenwich Mean 
Time (GMT) is the time of day at any given moment at Green- 
witch, England. If GMT is employed and a pilot requests clari- 
fication, he will be given the local standard time. For example, 
you request, clarification of the time and receive the following: 
1745 Greenwich, 1245 Eastern. Greenwich time is often noted 
on communications and teletype reports as Z. It is therefore often 
called "Zulu" time, in accordance with the international phonetic 
alphabet. - . . 

The following table should be hlepful in converting from stand- 
ard time to Greenwich Mean Time. 

To Convert From: > To Greenwich Mean Time 

Eastern . Standard Add 5 hours 

Central Standard Add 6 hours 

Mountain Standard Add 1 hou^s 

Pacific Standard Add 8 hours 

Daylight Saving Time is usually never used for aviation pur- 
poses. To convert from, GMT during Daylight Saving Time, add 
one hour to thtf tabulated values shown above for GMT. * 

WORDS AND PHRASES TO REMEMBER 

great circle nautical mile (nm) 

small circle Icnots (k) 

coordinates * compass rose 

latitude . course 

Northern Hemisphere heading 

Southern Hemisphere track 

longitude rhumb line 

Greenwich Meridian zone time \ 

prime^ meridian ETA ^ 

Eastern Hemisphere 

Western Hemisphere Z 
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QUESTIONS 

NOTE; la the txu^/Jttist questions, if false, teU why. 
1. Tmt or FaIse«*Tbe earth is a perfect sphere. , 

2«. If a drde is drawn aroond the surface of the earth and its center and 

. * radios are tte same as the earth's, It is a drde. Name 

tWQ examples ^f tbis Idnd of drde. 

3. True or False." The Shortest distance between two pohits on earth is a 
' straight Ike. 

4t True or False. AH latitudes are small circles, 

5. Match the foUowhig: 

a; 0* latitude . a. prime meridian 

b: 90»>l . V b. South Pole ' 

" c.>90»S ' - c. North Polb ^ 

. d* ©•E/W . . d. Equator - 

€. What are the coordinates of your town? 

f.N Convert the following: 

NauUcal lVflles Statute MUes. Kilometers 

: 100 . * ! * . . 



100 



100 



f j Conv^ the following to degrees on 4 compass rose: 

Nor th Southeast West^ 



Northeast South Northwest , 

{East Southwest 

r • ' 

9^ If yon hitend to fly due east or 090, this is your 1 . 

To fly 090, the aircraft actually pofaits toward 09*5 due to various cor« 

; rections. This is your ^ » To get to your destination, 

. the path that you flew over^the ground is the 1 ^ ^ 

True or False. An alrcrafirholdbg a constant true heading wcmld fly a 
great circle* 

11. A pohit with coordhiates 36»N 75»W is 1 hours 

west of the prime merildaxu ^ 

12* Convert the followhig: 

Local Standard , 2 ' 
Central 1200^ [ 



^Eastern 1600 

..Pacific 0001 1 laptiary 1975 



2100 MounUin,/^31 Dec 1975 
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\' ^ THINGS TO 00 

1, Obtala a gloW and plot the general coordinates of the following: 
Jlew York City \ ^ Bangkok, Thailand 

. . London, England Peking, jChina, 

Home, Italy » Honolulu, Hawaii 

Moscow, Russia Ixis Angeles;- California 

Plot areas on a map of the world that are promment in the news. 

2. WorkmgVith a globe, .place a strmg between two pomts and demonstrate 
to the class the difference between rhumb Ime and great circle route 
flying. ' > 

3, As you drive down the road, practice, mentally converting posted speeds 
and mileage ^to kilometers and nautical miles. ^ 

4. Using Appendix A to this text as a guide, measure the direction that 
you would have to fly. to; get from various pakn^such as: 

a. Your town to Miami, Florida 
^ b» Washingtbn, DC, to Los Angeles 

c. From the Pacific side of the Panama Ca^al to the Atlantic side. 

d. Los Angeles, California, to Reno, Nevada 




THIS CHArrEK IntroducM yov to th« diffmiKft in chcHi pro* 
{•atom/ tiio(r UfO« and th^rtr UmiKitiont. Wh#n you hwtm 
*%fudhd thii chopior, you thoukt bo obtt 1^ (1) oyploin how 
rtio diffortnf pro{o€t(onf or* dov^opod, (2) undorttond fivo 
difforoncot botwoon oximufhol, cylindrkai otid conic profeT 
tiont, (3) know fho difforonco ^otwoofi Qnomonk ond storoo- 
grophic proitctions^ (4) undorsfand tho diffortnf um of tho 
loll^ib•rt Conformoi, iAorecilor,^ ond Onomonte chorH. 




Whea the ancient mariners first ventured from their shdres 
into the vast unknown, sea, their charts were amazingty 
simpte. These brave men made the assumption that the world is 
flat, and^ when you disappeared over the horizon, you disap- 
peared. Since they rarely ventured ojut of si^t of the coast, 
they had no need for a coordinate system. There was no need to 
worry about whether the shape of tiiat islatid was exact or not. 
There Was no need for precise navigation. 

Before you complete tWs chapter, you ciay long for "the good 
ole days." The idea of a spherical carA confronted early cartog- 
raphers br mapmakers with the problem of portraying the earth's 
spherical surface on aflat chart. ' . 

Hipparchus (1 60-125 BQ, the mventor ot trigonometry, 
originated the basic azimuthal projccfions— the orthographic and 

' n ■ 
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the stereographic — ^which are in use to this day. From the time 
of Hipparchus to the present jet age, there have been advance- 
ments in devising new map projections. At last cowit, there were 
over 250 different projections avaUable. £a(;h .of these has special 
- characteristiQs to serve a particular purpose. 

; . * 

THE PROBLEM ^ 

In the last chapter, we learned that the earth's smiace is di- 
vided into a system of unaginary lines of parallels, and meridians 
called latitude and longitude. This system is called a graticide. 

The problem in trying to represent the earth's graticule and 
surface features on the flat surface of a chart is that the earth, 
a globe, or any ^herical surface is undevelopable. An unde« 
velopable surface is 9ne that cannot be flattened. No matter how 
many tunes an undevelopable surface is ci^t or split, it cannot be 
completely flattened. Just as an orange cannot be flattened with- 
out tearing and distorting the peel, any attempt to represent even 
a small portion of the earth's surface on a flat plape results in dis- 
tortion OFig 20). 

A developable surface is any three-dimensional geometric flgure, 
such as a hollow cone or cylinder, which may be cut and laid flat 
without distorting any features on its surface (Fig 21). 

A projection ij the method of transferring the earth's graticule 
and surface features onto a plane or onto the developable sur- 
face of a cone or cylinder. In practice, this is done mathemati- 
cally, but it can be explained more satisfactorily through geo- 
metric projection. A light within a hollow plastic model of the 
earth which projects the graticule and surface features onto a 
plane or developable surface is an example of a geometric pro- 
jection (Rg 22). 




% 



AIR NAVlOATtON 

Distortion of direction, distortion of the relative size ipf areas, 
and distortion of the shape of area^^on the earth is the direct re- r-^ 
suit of projecting the earth's graticule onto a flat or develop- 
able surface. Even a small portion of the surface of a sphere, 
globe, (X the earth is undevelopable, since it will not lie com- 
pletely flat. Different types of projections produce different types 
of distortion on .charts. 

Distortion of size may be seen on many maps. For example, 
Greenland is sometimes shown as 

covering more area than India. i , 

Since India is actually larger 
than Greenland, the relative size 
of the chart areas is distorted 
through these t)rojections. When 
a chart misrepresents the State 
of Texas ^ a long thin area, 
the shape of the state is dis- 
torted even if its relative size is 
truly represented. Parallels and 
meridians should intersect on 
charts at right angl^or 90**, 
as they do oo eardMpistortioa 
of direction on chart projections 
occurs when latitude and longi- 
tude do not intersect correctly 
(Fig 23). 




Figurt 23. Direction Distortion. 



PROJECTION CLASSinCATION 

Projections arc classified according to three consideration^; type 
of surface, point of tangcncy, and point of projection. The name of 
a projection depends, in part, on geometric figures onto which the 
surface of a model of the earth is projected. These figures include 
a plane, a cone, and a cylinder. Remember the name oi the chart 
used on your flight to Talladega? It^was a LambertCCo^rmal 
Conic Projection. 

The second consideration for projection classification is the 
pomt of tangency. A plane can touch or be tangent to the earth 
at Only one point. The Ipcation of the point of tangenqr is also 
reflected in the name of the projection. For example, a polar 
projection is tangent at one of the poles (Fig 24). 

A cylinder is tangent to a model of the earth alod| a complete 
great circle. When this circle is the equator, it is called a parallel 
of tangency or a standard paralleL The cone is also tangent at a 
parallel (Fig 25). 
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Figurt 24. Plant Point of Tangtncy. 
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The third projection classification is concerned with the point of 
projection. Earlier in Figure 22, we showed how some projec- 
tions are made by assuming a light to be in the center of the earth 
and by projecting the surface of the earth onto a flat surface. 
This type of projection is called a gnomonic The point ot pro- 
jection is the origin of the rays that project a graticule onto a 
geometric figure. Most conic and cylindrical projections have their 
point of projection at the center of the earth and are gnomonic 
projections. The other origin point of the projection rays is a 
point on the surface of the earth opposite the point of tangency. ^ 
This type of projection is called a stereographic projection (Fig' 
26). , 



CHART PROJECTION CHARACTERISTICS 



desirable in a chart. The ideal chart 
features of the earth in their true 
directions would be true;, distance 
would be represented, at a constant 



Many characteristics 
projection would portray 
relationship to each otb 
would be true, and dist ' 
^cale over the entire chart. 

Such a relationship can only be represented on, a globe. On^a 
flat chart, it is impossible to preserve constant scale find Jtfue 
direction for all dii^ections at all points. Also, relative size and shape 




t>oiar GnomoniC' 
c%tiW of tho «arth 



m 



Polar Stereographic 
surface of the earth 



ERIC 



Kgurt 26. Jwo polar Pfojtdloni with DIfftrtnt Potnti of Projtdion. 
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Figure 57. A Gnomonic Chart showing -^tht Inherent distortion. 

of the geographic features cahnot be accurately portrayed through- 
out the chart. 

' Gnomonic charts arc planning charts. The graticule* in a gno- 
* monic projection (Fig 27) is so greatly distorted that it is hot used 
fob "navigation except in planning the Great Cffcle course. It is 
^ used only for great circle planning because" the Great Circle course 

appears as a straight line on the gnomonic projection (Fig 28). 

The polar stereographic projection >yith its point 6t projection 
located at the opposite pole causes iiicr^Sing distortion as you 
move to the - outer edge^ of the projection ,(Fig 29). Polar 
stereograpIUc charts may, bemused fot navigation only within SO"" 
• , of the pole that' i? the point of t'angency. - • . 

Of the many* projection characteristics that are. desirable for 
charts,' the m^st important fox air navigation charts is qonformality. 
Even though" conformal charts have some ui\desirable characteris- 
tics, the disadvantages of this, type of projection are far out- 
. . ^ weighed by thp^advaAkges* 
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Figure 28. Gr*ot Qrdt Routts a!^p«ar a» strolght tints on Gnomonic Proitctiont. 



A coirformal chart shows all angles asWy actually appear on' 
earth. The graticule of a conformal chart shows parallels and 
meridians intersectuig at 90° angles just as they do on earth. 
As a result of angles being accurately reproduced, the directions 
and true shapes of areas are shoWti on any confon^al chart. This 
occurs* even though the relative size of areas may be distorted. 

If we look down ori a globe, we see that the meriditos con- 
verge at the poles. Meridians on the earth are not parallel lines. 
Therefore, as the latitude increases on the earth^s surface, the dis- 
tance between parallels remains the same, but ^e distance be- 
tween meridians decreases. 

The equatorial Mercator is a projection onto a cylinder that is 
tangent to the parallel of tangeacy along the equator. Us point of . 
projection is found at the earth's center. 

The Mercator, as it is normally identified, is a confomlal ch^, 
with parallels appearing as straight parallel lines. Since it is con- 
\fonnal, the meridians must cross the parallels at 90"* angles. To do 
this, the mejidians are projected as straight parallel lines that do 
not converge toward the poles as they do on earth. The spaces 
between the meridians have been stretched east and west to 
change them from converging to parallel lines (Fig 30). 

If the spaces between the meridians are stretched east and west,* 
then the spaces between the parallels must be stretched north 
and south to keep the proportion or conformality (Fig 31). 
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In Figure 32, note that the distance between parallels in both 
diagramis are increasingly farther apart as the distance from the 
Equator increases. 

In projecting the earth's graticule and surface features onto any 
chstrt, some distortion always occurs. The parallel (or point) of 
tangency is the only area of a chart without distortion. Distor- 
tion of features becomes greater as you move away from the 
parallel of tangency. For this reason,, the Mercator is used only 
for navigation within 60° above and below the Equator. 

Scale is correct ctoly at the Equator. Since the distance between 
parallels expands as the altitude increases> the scale that we use 
for measuring distance in nautical miles /also expands. When we 
measure distance on the M^cator, we qiust always use the scale 



Usable area within SOdegrees 
of the ''pole (point of tangency)/' 




Figurt 29. Poldr Sttrtographic Projtdion. 
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Figurt 31 Sine* Mtridioni ort itralchtd on o ^trcotor Projtction, Porolltli mujt olio 
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* figurt 32. Tht Mtrcator Proftdion showing how tht distanct b«tw**n parolltlt 
txpand tht further awoy. you movt from th* point of tangtncy. 

at that speciHc latitude. To measure distances between two posi- 
tions at different latitudes, we . use the scale at the mid-latitude 
along the course. * , 

The Mercator projection distorts the true appearance of a 
rhumb Ime and a great circl^e. On the Mercator chart, a rhumb 
line appears as a straight line^ but a gre^t circle appears as a 
curved line (Fig 33). This is directly opposite from what is true 
on a globe or the earth. The only great circle courses that appear 
straight on a Mercator chart are those drawn along the Equator 
or a meridian. 

Thus far, we have looked at charts that are based on azimuthal 
projections (^omonic and stereographic) and cylindrical projec- 
tions (Mercator). Another type of projection is the conic projection. 

Most conic projections have their point of projection at the 
earth's center. A simpfe conic projection is tangent along some 
parallel of latitude between the Equator and a pole.' Where the 
Equatorial Mercator is tangent to a parallel that is a great circle, 
the conic projection is tangent tt) a parallel that is a small circle. 
This line where the cone touches 4he earth is called the parallel 
of tangency (Fig 34). Another name for the parallel of tangency 
is standard parallel. 
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FIgurt 35. A S«canl Cont cuH iht Earth at two points making two Standard Paratttls. 

A cone that cuts through the earth*s surface at two parallels 
is called a secant cone. Therefore, we have two points where 
the cone contacts the earth giving two standard parallels (Fig 33). 

The chart used most in navigation is projected onto a secant 
cone/ It is called the Lambert Conformal Chart We used this 
type of projection on your flight to Talladega, and we saw that 
the Atlanta sectional had the standard parallels 33''20' and 
38M0'. 

Since angles on the earth*s surface are correcdy shown on any 
conformal .chart, parallels and meridians on the Lambert Con- 
formal's graticule intersect al 90°. To do this, the Lambert Con- 
formaFs graticule shows meridians' converging and parallels as 
arcs of parallel circles (Fig 36X 

Distortion on the Lambert Conformal constantly increases be 
yond its two standard parallels. Ordinarily, there is very little dis- 
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Figurt 36. lambvrt Conformal <VaticuI«. i 
All angUs ar» 90* 



tortion between the 
parallels. However, the larger the 
distance between these standard 
parallels, the more the distor- 
tion. In any case,' the Lanibert 
Conformal should be used for 
navigatiQn between its standard 
parallels. A gnomonic should not 
be used for actual navigation. 

A great circle course appears 
as a straight line only on a gno^ 
jnonic projection.' The Great 
Circle route is a curve<i line on a 
Mercator chart ^nd approximates 
a straight line on a Lanibert 
^ Conformal. A rhumb line is a 
straight line on a Mercator and a > . , 

curved line on a Lambert Conformal projection. 

When measuring the direction of a line, we use a meridian 
as a reference line (See Appendix A). Direction is measured clock- 
wise from the meridian. Since all meridians are parallel straight 
lines on a Mercator, we can measure the direction of a rhumb 
line using any meridian as a reference. To measure this line on 
a Lambert Conformal, we must use the mid-meridian because the 
line will have different directions when measured at different meri- 
dians. This is necessary because meridians converge toward the 
poles (Fig 37). 

The Lambert Conformal has a nearly constant scale. When 
measuring distarice on the Lambert, we can use the scale at any 
latitude between the two standard parallels. On a Mercator, the 
distance must be measured using the scale of the mid-latitude 
because the scale expands. 

We have discussed only .a few of the many chart projections. 
At the present time, the Lambert Conformal is used more than 
other charts. • . 

WORDS AND PHRASES TO REMEMBER 



graticule 

undevelopable surface 

developable surface . 

projection 

point of tangcncy 

standard parallel 

point of projection 

gnomonic projection 
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stereographic projection 
Gnomonic charts 
polar stereographic chart 
conformal ^chart 
Mercator chart 
parallel of taingency 
secant cone 

Lambert Conformal CharC 




Figure 37 A »>raight Imt count on a Lambtrt Conformal itorti out ot opproxiinattly 
060 d«grt«s. tncis up aprox^mattly 120 dtgrtti. Tht avtrogc direction n 090 d«grt«s. 

QUESTIONS 

1. Matcti tbe foilowing on p piece of papen 

• i. graticule • u orange peel 

br Undevelopable surface Jt, cylinder 

c. developable surface ^ ' , 3. transfer of graticule 

d. projection 4. parallels and meridians 

2. ExpUin what the basic problem is in dispUying the earth on charts* 
. 3. What Mtt the three types of distortion fouqd on charts? ^ 

4. What kind of distortion is cau^ when the meridians and parallels do 
not cross at 90.* wigles?^ ^ ' 

5. What are the three considerations for classification of prpjectioos? 

6. ^ What are the *three basic geota'itlric ft^es used in chart projection? 

7. Name three points ^f tangency for a plane. * . 

* ^, 

9. What is the difference between a gnomonk and a stereographic projec« 
V tion? 

10. Whit would be the characteristics of an Ideal chart? Are they possible? 

11. ^rt gnomonic charts used for navigation? Why?_ 

iZ, A gr^at circle is a (straight/Curved) line on a gnomonic projection. 
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13* Polar stmofrtphSc diarts may be used for navigatioa only within 
decrees of tbe point of tange^cy. 



a* 10 

b. 20 

c. 30 
d« 60 



14. What is the most lmportan;t characteristic for air navi^tion charts? 



16. Name two types of conformal charts. 

17. Where is the area on a chart wi^ the least distortion? 

18. The Mercator chart is used for mrfigation between two pobts that are: 
a* 60*E to 60*W 

.,b. 60*N to 60*S 
c* 90*N to 90*S 
d* 0*E/W to WE/W 

19. Distortion (increases/decreases) as yon move awa> from the pohit of 
» • tangency. 

20. How do we measure ^ance on a MercatorT 

21. On a Merditor, the rimmb Ihie is (curved/straight) and the great circle 
is (curred/straight). Are there exceptions? * 

22. Name an example of an azimathal, eylhidrical, and conic projection. 

23. The point of projection for contc projections is nsually where? 

24. True or False. The pohit of tangency fqf a conic projection is a great 
drde. , 

25. What is . a secant cone? ^ . 

26. Whidi ch'art is m6st used for air navigation? 

27* Lambert Conformal Charts have how man> points of tangency? What 
are they called?, Why are they important? 

28. True or False. A great drde is a straight line on a Lambert Conformal 
Chart ' • , o 

29. We normally use a (meridian/parallel) to measure a direction. 

30. How do we measure direction on a Mercator? A Lambert Conformal? 

31. How* do we measure distance on a Lambert Conformal? 



.1. Use two different types of projcctidns, preferably a Lambert Conformal 
and a Mercator, and measure the true course and distance between two 
points at least 1,000 miles apart/ Describe the differences of distance, 
difficulties in measuring course and distance, and the distance between 
. the courses at the point of greatest separation. 



* IS. Name the advantages of a conformal chart* . 



THINGS TO DO 
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2- Collect examples of as many different kinds of chart projections as you 
can find. Point out their uses and disadvantages. Give a short explanation 
of how they were developed. 

3. Buckminister Fuller developed a projection that is claimed to be without 
distortion. It is called a Dymaxion, Conduct research on this projection 
and report on it Include in your report the reason why this apparently 
amazing work has not received much attention. 
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Navigation lustruments 




IN THIS CHAfl^R, th« baste instruments neeessoi^ for ele- 
mentary navTsatfpn are discussed. Also discussed are voriou» 
altitudes and lieadtngs. After itudyinQ this chapter, yoi^ should 
be able tot (1) understand the um of the basic navigation 
Instruments, (2) explain how five types of pltitude differ, (3). 
understand headings used in Air Navigajton, and (4) ^^pl^!" 
the difference between a magnetic compass and a gyro- 
compdss. 



Is USING the four elements of navigation—position, time, direction, 
and distance — for your flight to Talladega in Chapter 2, we 
used certain instruments that are basic to all navigation. One of the 
primary instruments is the clock. To insure that you made good 
your planned airspeed, you used the airspeed indicator. You 
climbed to S,SOO feet and changed altitudes several times. iTo do 
this, you used the altimeter. On your flight, you talked of direc- 
tion only in very broad terms. Anyone who has flown knows 
that, in reality,, you should have figured compass headings for 
each part of your flight. To follow these Readings, you use the 
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airqraft compass. This illustrates the use of the four basic navi- 
gation instruments: (1) a clock, (2) airspeed indicator, (3) altim- 
eter, and (4) compass (Fig 38). 

Instruments mechanically measure physical quantities or prop- 
erties with varying degrees of accuracy. Most of the pilot/ naviga- 
tor's work consists of figuring corrections to the indications of vari- 
ous instruments and applying the results to find the four elements 
of the navigation, problem. 

V .The instruments that we discuss in this chapter are the absolute 
minimum necessary for flying today. As we shall see later, there 
are many more sophisticated navigation instruments. Also, the 
FAA has now recommen'Sed that all private pilots be taught to 
perform each flight maneuver with both visual references out- 
side of the aircraft and by reference to instruments only. Although 
this instruction is not compulsory, it is required that private pilots 
be able to control aircraft attitude by instruments alone. This re- 
quirement adds the attitude or tum-and-bank indicator to the list 
of basic instruments for navigation. Flying by instruments in this 
manner is called flying "needle, ball, and airspeed." Attitude in- 
dicators are covered in Theory of Aircraft Flight. 




Figurt 38./8at{e Navigation Inttrumtntt. 
60 
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THE CLOCK 



The clock is the simplest instrument and one of the most im- 
portant instruments for navigation. The estimated time of arrival 
(ETA>>^ frequently updated. On your flight in Chapter 2, we 
fcferrea^o your flying time and compared it with the preplanned 
times throughout the flight. One of thejirst indications of trouble 
occurs when you start to miss your planned times over check- 
points. This usually, means that wind shihs have occurred. 

Fuel consumption is computed in time. Any changes in time 
affect the amount of fuel that you will have at your destination. 
If you start out with three hours of fuel on board and run into 
situations that start extending your flying time (such as avoiding 
weather or getting lost), you must figure your fuel very closely. 

Any good timepiece ^is suitable for indicating elapsed time, and 
it is not necessary* to .have an elaborate clock or chronometer 
for simple navigation. On,e technique used by some pilots to minimize 
errors in calculating elapsed flight time is to set the aircraft clock at 
12 o'clock upon leaving the airport. With this^arrahgement, the pilot 
can read elapsed flight time at a glance. He\an easily o]btaij|ithe 
correct time of day from his own wristwatch. j 

AiRSPEED INDICATOR 

> 

An airspeed indicator measures an aircraft's speed in flight 
rather than its groundspeed. Airspeed js i he speed of an aircraft 
with respect to the air through which it moves. Groundspeed is 
the speed of an aircraft measured by the distance that an aircraft 
travels .over the ground in a given time. Because these two speeds 
often differ, it is important that pilots do not confuse them, t'he 
airspeed indicator consists of a pitot tube, airtight diaphragm, a 
linkage assembly, and a dial with a pointer (Fig 3'9). It measures 
the difference between the increased air pressure caused by the 
motion of the craft and the pressure of air contained in the case 
of the airspeed indicator. 

As the speed of an aircraft increases, the impact air increases 
over the pitot tube and the static or undisturbed air remains the 
same within the* instrument case. This differencgr in pressure 
cadses the diaphragm to expand, forcing the dial that is attached 
by mechanical ' linkage to move and indicate the airspeed upon 
the face of the indicator. This mdication may appear in miles 
per hour or knots, or both, depending upon "the type of instru- 
ment. Most indicators now read airspeed in knots. 





Figur« 39.'Air*p««d Indicator Component Parts. 

s . 

The accuracy of th'e instrument is affected by instrument error, 
installation error, and the density of the air.' Corrections caii be 
^ade by having the indicator checked periodically to insure its 
accuracy. 

We np>y^ discuss three kinds of airspeed: (1) indicated air- 
speed, (2) .calibrated airspeed, and (3) true airspeed. 

Indicated airspeed (^AS) is the instrument reading taken di- 
rectly from the ^airspeed indicator. I.t has not 'been corrected for ^ 
any variation in "atmospheric i)ressure; installation error, of instru- 
ment error. ^ 

Calibrated airspeed (CAS) is airspeed that has beeij corrected 
for installation error and possible instrument error. Sii\ce it is im- 
possible to eliminate all instrument error,Nhere is always a need 
to compensate for this error. At certain speeds and altitudes, the 
^ installation and instrument errors may amount to several miles per 
hour. The-greatest potential for error lies fln the low airspeed 
range. Indicated airspeed and calibrated aarspeed are normally 
• about* tho. same in the high altitude and cruising airspeed ranged. 
To determine the calibrated^ airspeed, pilots rtfer to the airspeed 
calibration charts, which indicate errors caused by the instruments 
or installation. These charts are usually placed near the airspeed 
indicator or are included within the Airplane Flight Manual or 
owner*s manual., 
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Since leaks may develop in the airspeed indicator assembly, it 
is important to take good care of the entire system. Dirt, dust, 
ice, and snow may damage the system and render theUndicator 
inoperable- Even regular aircraft vibrations ma> influence jme sensi- 
tive mechanism, resulting in erroneous readings. Tfierefore, "it is 
imperative that the indicator be checked periodically to assure op- 
erating effectiveness. 

It is often difficult to determine the actual or true airspeed 
(TAS) of an aircraft. An airspeed indicator registers airspeed 
based on standard sea level conditions. Standard sea level, con- 
ditions exist when atmospheric pressure is 29.92 and the tempera- 
ture is 15^C (SS'^F). As an aircraft flies to a higher altitude, the 
air density decreases, creating errors in indicators of true airspeed. 
. In other words, for a given indicated airspeed, true airspeed in- 
^ creases with increasing altitude. 

Pilots use several methods to And their true airspeed. The first 
method, that of using a computer, is the most accurate. This 
, method corrects the calibrated airspeed for temperature and air 
pressure by using the airspeed correction scale on the computer. 
See Appendixi B for an cxap^ple of this method. 

The second mctbod^f finding the true airspeed is not as ac- 
curate as the first, but it is acceptable when there is no com- 
puter aboard. The simple rule is to add two percent of the in- 
dicated airspeed to the indicated airspeed for each 1,000 feet of 
altitude. For example, the Indicated airspeed is 120 mph at an 
altitude of 4,000 feet. The true airspeed would then be: 

. - V 

2% X 120 = 2.40 
2.40 x 4 = 9.60 
120 + 9.60 = 129.6 mph (TAS) 

I* 

* A third method is similar to the one above. Simply add two 

mph to the indicated airspeed for each 1,000 feet of altitude. If 
we use the figures from the last example, we see that this method 
gives us an answer of 128 mph (TAS). Neither of these two 
answers is precisely correct, but these computations giVc quick ap- 
proximations, and they a?? used frequently by>pilots. Many mod- 
em aircraft are equipped with true airspeed indicators that require 
no corrections. ' 

We need TAS to determine thc^groundspccd (GS) or the speed 
that we are moving pvcr the ground. How we find GS using 
TAS is explained latef. - 
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ALTIMETER 




level plane of reference, such as sea level. Because the altimpter 
gives altitude "information, it is one of the most important instru- 
ments in an airplane. Most light planes use an aneroid barometer as 
an altimeter. It measutes' the atmospheric pressure at flight level, 
that is, the weight of j the air above the craft. As previously 
noted in another / Section, air pressure (or air weight) decreases 
as altitude increases. As air pressure around the altimeter's sealed 
diaphragm decreases, the diaphragm expands. 

When the airplane returns to a lower altitude and the atoios- 
pheric pressure increases, the diaphragm contracts. The results of 
this expansion and contraction are transmitted b> levers and gears- 
, to indicator hands pn the dial of the altimeter. The pressure alti- 
tude is shown on the dial as feet above sea level. 

There are many types of altinjeters in use today. One of the 
most common altimeters has a dial face graduated with numerals 
from 0 through 9. the three pointers on the face of the altim- 
eter each represent different altitude measurements. The 100- 
foot indicator makes one complete revolution for each 1,000 feet 
of altitude. Each numerical reading is made in hundreds of feet, 
for this pointer. 

The intermediate, or second pointer, makes one full revolution 
for each 10,000 feet of chgingp in. altitude. This scale is then read 
in thousands of feet. The third pointer reads in tens of thousands, 
and one revolution represents 100,000' feet. This is illustrated in 
Figure 40, where the altitude displayed is 9,570 feet. The cross- 
hatched "Low Altitude Warning Symbol'' slowly decreases as the 
aircraft climbs, and it disappears as the aircraft passes through 
14,000 feet. Another example of altimeters is shown in Fi^re 41. 

With an increase in altitude, the altimeter will give readings 
that are not exactly correct. To obtain exact readings, the indi: 
cated reading must tye .porrected for atmospheric pressure, |^em- 
perjure, and instrumeijf *^rror. ^ ^ 

To achieve vertical clearance, all aircraft in a given area are 
given a particular pres^ufe level known as an altimeter setting. 
Altimeter settings may be generally defined as the pressure re- 
duced to sea level in. inches of mercury for a given reporting 
station. Prior to takeoff, the pilot should set the altimeter with the 
correct altimeter setting. This setting is furnished by the tower 
and is set on the barometric scale of his altimeter. 

Setting the altimeter results in a reading of indicated altitude. 
Eying at an indicated altitude insures traffic separation, since 
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all properly set altimeters in the area are equally affected by what- 
ever pressure and temperature conditions may exist. Pilots need 
not make allowance for nonstandard atmospheric conditions but 
must keep their altimeters adjusted to the latest altimeter setting 
These .settings can be obtained from radio stations or control 
towers along the, route. 

if no means were available to change the altimeter setting, flight 
would be cxtremel) hazardous, espcciall> over mountainous areas 
A change of Vio of an inch of mercury in the pressure setting will 
result in a change of ,100 feet in altitude. If there is a change of 
one inch in the pressure setting, the altimeter reading will be 
changed by 1,000 feet. While flying along a flight path, the 
pilot must set his altimeter to the readings given by the nearest 
stations. At higher altitudes above 18,000 ft, everyone uses an 
altimeter setting of 29.92. The altimeter can be one of the most 
important o£. the navigational instruments, and every pilot must 
understand its restrictions. Careful usage coupled with periodic 
chedK are necessary. 



Pilots are usually concerned with five different types of altitude 
(Fig 42): 

Absolute altitude: ^height of an aircraft above the terrain 
over which it is flying. 

Indicated altitude: uncorrected altitude read directly from the 
altimeter after it has been set at the current altimeter setting. 




TYPES OF ALTTTLDE 




Figor« 47, Typ«t of Altltudt. 
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'Pressure altitade: altitude read from the altimeter when the 
setting is adjusted to 29.92; used to compute density altitude, 
. true airspeed, trbe altitude, etc. 

Density altitude: the pressure altitude corrected for temper- 
ature variations; important because it is directly related to air- 
craft takeoff and climb performance. 

True altitude: actual hei^t above sea level of an aircraft; 
the actual altitude, usually expressed as MSL, for example, "9,500 
feet MSL"; MSL is mean sea leveL Airport, terrain, and obsta- 
cle elevations are stated in terms of true altitudes. 

cbilPASS 

A compass is an instrument that indicates direction. Two basic 
types of coippasscs are currently used. 

The magnetic compass uses as a reference the lines of force 
of the earth's magnetic field. Even though the earth's field is 
usually distorted by the presence of other local magnetic fields, 
the magnetic compass has been the most widely- used. 
• The gyfocompass uses an arbitrary fixed point in splice de- 
termined by the initial alignment of the gyroscope axis. Com- 
passes of this type arc widely used today. 

The magnetic compass is reliable, and it will give good navi- 
gational results if used carefully. Even modem aircraft have a^g- 
netic compass that is used as a standby compass in case of fauure 
of the electrical system required for the operatfon of the gyro- 
compass. There are two parts of the magnetic compas$ th^t are 
important to us: the compass cax^ and the lubber line. 
_ . The coi^pass card (Fig 43) is mounted in a bowl filled with 
fluid. This fluid partially floats the card,^takmg some of the weight 
off the pivot that supports it. Magnets mounted on the card re- 
main aligned with magnetic n9rth as the air(;raft turns. A com- 
^ pass rose, gradu^ed m one-degree intervals 6n some models^ and 
in five-degree intervafc; on others, is attached to the card. Tlie 
compass is read through a glass window.^ Down the centef of the 
window is a lubber' line where the heading is indicated. 

Concealed in the compass on the, opposite side from the win- 
dow is an expansion-contraction cell Uiat provides for expansion 
and contraction of the liquid caused' by changing temperatures. 
On top of the coni]pass case are two small ma^ets that can be 
rotated t!& adjust the compass. 
^ In solving the direction element of the navigation problem, we 
work with co)^»e^heading, and track. When working with a mag- 
netic .compass, we are concerned with three kinds of headmgs. 
true heading, magnetic ^^^^^S' compass heading. 
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Figurt 43,' Mognttic Composs, 

Tnie heading (TH) is the. direction of the aircraft in relation 
to geographic north. Unfortunately, compasses do not use geo- 
graphic north as their reference. The actual reference of compasses, 
is a point offset from north called magnetic aorth. This difference 
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Figure 44 liogomc Lin«t connect potnti with tS« iam« Variation 
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between the two references is called variatibn (VAR)/ Variation 
^ has been measured at. a great many places throughout the world, 

and the, values have been plotted on charts. A line may be draw^ 
^rough all points with the same variation. Such lines arc called 

Bogcmic lines (Eig''44). J 

Isogonic lines are printed on navigation charts. If you know your 
approximate position, you can determine the amount of variation 
for your flight. Variation is listed on charts as east or west. When 
variation is east, magnetic north is east of true north. Similarly, 
♦ when variation is west, magnetic north is west of true north. 

Magnetic variation must be applied to a compass heading to 
obtain a true heading. 

Another error to .be corrected is deviation. Deviation is caused 
by nearby magnetic influendfc, such as those related to magnetic 
material in tlie structure of the aircraft and its electrical systems. 
For this reason, deviation is different and must be deteimined 
for each aircraft. The process of determining deviation is known 
as a compass swing. Deviation is different for every heading. 
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Deviation is labeled east and west, anoit is als^ recorded on a 
compass correction card (Fig 45) usually mounted neat the com- 
pass to which it refers. From the example shown, we know that, 
to fly a magnetic heading of 090, we must steer 092. 

The corrections for variation and deviation are expressed as plus 
or minus values and are computed as corrections to true heading. 
If variation or deviation is east, the sign of the correctipn is minus, 
and if west, the sign is plus. There is an eas> wa> to remember this. 
There once was an ancient ship captain who was renowned as 
the world's greatest navigator. He had one mysterious quirk, how- 
ever. He always carried a little blSck box, and, every once in a 
while, he would peek into it. No one else was ever allowed to 
see the contents of the box. One day, the great navigator died, 
and, while going through his personal effects, his crew came across 
his little black box. The temptation was too great, and they opened 
the box and peered inside. There was written, "Orient Est Min- 
imus, et Occidens Est Maxlmus," (East is least and West is best). 
Subtract east variation and deviation and add west. It since has be- 
come the navigator's motto. 

Magnetic heading (MH) differs from true heading by the amount 
of vanation. Compass heading (CH) differs from true heading 
by the amount of variation and deviation (Fig 46). 

Most pilots express these relationships on some type of log. 
Thus, if an aircraft is flying in an area where the, variation is 
10°E and the compass has a deviation of 3''E, the relationship 
would be expressed as follows for a true heading of 138^: 

TH VAr"" MH DEV CH 

138 - 10 = 128 -3 = ? 

The compass heading would be 125^ If you have a CH = 130 
in the same aircraft and in the same area, the problem would 
be as follows: 

TH VAR MH DEV CH 
. ? -10 133 -3 130 

The TH would be 143^. The clue is to remember that the 
cortections are applied from left to right. If you start on the right, 
the corrections are*reversed. * 

^ Unfortunately, variation and deviation are not the only errors 
of a magnetic compass. Additional errors, such as northerly turn- 
ing error and speed error, are caused by the motion of the air- 
craft. If you start flying, these errors will be introduced, and you, 
will be shown how to compensate for them. 
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Figur* 46. Hvadingi. 

To overcome the motion errors and the deviation error, the 
gyrocompass was developed and is used extensively. The devia- 
tion error is overcome b> placing the compass direction sensing 
mechanism outside the magnetic fields created by electrical cir- ^ 
cruits in the aircraft, such a.s thq outer edge of the wing. Indica- 
tors for the compass system can then be placed in the aircraft. 
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Since this compass is gywstabilized, all errors induced by air- 
. craft motion are eliminated. Since deviation is eliminated, the CH 
and MH are equal. Therefore, only variation has to be applied 
toTHtogetCH. 



WORDS AND PHRASES TO REMEMBER 



attitude mdicator 
tum-and-bank indicator 
airspeed 
groundspeed 
pitot tube 

indicated airspeed (IAS) 
calibrated airspeed (CAS) 
trye airspeed (TAS) 
altimeter 
altitude 

absolute altitude 
indicated altitude 
pressure altitude 
density altitude 
true altitude 



MSL 
compass 

magnetic compass 
compass card 
lubber line 
true heading (TH) 
magnetic north 
variation (VAR) 
Isogonic lines 
deviation 
compass swing 

"Ea^t is least and West is best" 
magnetic heading (MH) 
compass heading (CH) 
gyrocompa$s 



Ql ESTIONS. 

1. Name the four basic instruments needed for elementary navigation. 

2. What do instnunents do? 

3. Anotlier name for the needle and ball is indibitor. 

4. True or False. The FAA requires that private pilots be able to control 
aircraft altitude by tostruments alone. 

5. True or Fnlse. Fuel consumption is figured in mlles-per*gailon. 
6; List the four components of the airspeed indicator system. 

7. Explain how ahrspeed is measured. 

8. Name three things that induce error in the airspeed indicator. 

9. True or False. Calibrated airspeed is airspeed read directly off the 
indicator with no correction applied. 

10. The greatest potential for airspeed error occurs at Oow high) airspeeds. 

11. True or False. TAS is most accurate when found by using a computer. 

12. True airspeed (hicreases/detreases) with an Increase \n altitude. 
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13. Using one of the shorthjuid methods of figuring true airspeed, find the 
approximate true airspeeds: 

Altitude IAS TAS 

3000' lOOK 

- 4500* llOK • 

SOOC 120K 

1 6000* 140K 

14. Most ,|dtimeter$ in light airplanes are an apparatus. 

15. Altimeters hi most light ahxraft measure the weight of the ah* (above/ 
below) the ahxraft. 

16. The altimeter cross*hatch as the abcraft 
descends. 

a. remafais constant 

b. . disappears 

c. gets larger 

d. gets smaller 

17. Name three corrections that need to be made to obtahi exact altimeter 
readings. 

Irf. The althneter setting is set on the ' scale. 

19, True. or False. Every ahrcraft flying jn a local area should have the same 
altimeter setting. 

' 20. A change from an altimeter setthig of 29.92 to a setthig of 30.02 will 

result hi a change of feet hi altitude. 

f 

21. 10,000 feet MSL is an example of ^ 
a« absolute altitude 

b. true altitude 

c. hidicated altitude 

d. density altitude , , 

22. What are the two basic types of compasses hi use? How do they differ? 

23. What two parts of a magnetic compass are we most concerned With? 

24. ExpUhi the parts of a magnetic compass. 

25. Name three kinds of headings and explahi how they differ. 

26. If you are one-half way between the Isogonlc Ihies 4*E and 0^*, what 
is your vart|itlon correction? ♦ 

27. Solve for the followhig headhigs: 

TH VAR MH DEV CH 

6E -1 123 

235 ^ IW +4 

000 21E +1 



6W -3 180 



28. How is deviation compensated for hi a gyrocompass system? 

29. With a gyrocompass, CH equals : 
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THINGS TO DO 

1. Get a chart of the common aircraft instrument paxiel and identify the 
different instruments and their use. 

2. Try to get a cutaway of the various instruments showing the actions of 
the instrument diaphragms and other apparatus. Report to the class, by 
demonstration, how each of these instruments works. 

3. Go to a local airport and ask how they swing compasses. See if you 
can be available to help with a compass swing. Report to the class on 
the procedures. 

4. Go to the nearest weather station, either military or FAA, and find out 
how they figure the local altimeter setting. Report to the class on how 
this is accomplished. 

SUGGESTIONS FOR FURTHER READING 

US Air Force AFM 51-37, Instrument Flying, Washington, DC, D3partment 
of the Air Force, 1971. 

US Air Force AFM 51-40, Air Navigation, Vol 1, Washington, DC, De- 
partment of the Air Force, 1968. 

Lyon, Thoburn C, Practical Air Naiigation, Denver, Colorado. Jeppeson, 
1972. 

Sanderson, Aviation Fdindamentals, Denver. Colorado. Sanderson, 1972. 
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Dead Reckoning 




iU THIS CHAPTElR, you study the fui^damentals of navigation, 
fhese fyndamentalv or basic rxjethods^or^ called dead reckon 
Ing (DRrpfocedureV. Tfikls an ispelflalTy . Important chap^^^^ 
since some elements of dead reckoning are used on every 
fllgfit* AiFter t^ydylri^ this chapter; you should be abfe to; 
(1) understand the elemenfs of dead reckoning used In 'pre- 
Jlfght planning qnci in flight navigation^ (2) figure true course 
and.tracit/ and (3) understand the wind triangle and Its appll- 
"cotion;. ^ ' ^ " ' ^ \ [ , .'^ ^ ' ' 



THERE IS A STORV that ancicnt mariners t©ld new sailors aspiring 
to be navigators. In warning young lads of the horrible things 
that could happen if the ship got lost, old salts, would say, "If 
you don't reckon' right, you're gonna be dead." Some people 
claim that this, was the origin of the term dead reckoning. 

Dead reckoning (DR) is the basic method of navigation. In 
reality, the .term did come from the early mariners, but the origin 
^ of the term came from the ship's log book. Navigators of old de- 
duced their positions at any given time by using the distances 
and directions that their vessels had gone since passing or leav- 
ing a known position. Such positions were determined at frequent' 
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intervals and were entered in the ship*s log book under a column 
headed by the abbreviation *'ded. pos./* for ''deducted position/* 
The reckoning necessary to obtain the information for these en- 
tries was known as "ded reckoning/* Over the years, through pop- 
ular 'usage, "ded reckoning* became "dead reckoning/* 

The major idea behind dead reckoning navigation is to know, 
by preflight planning and inflight checking, the position of the 
aircraft at any given time. DR navigation enables the pilot or 
navigator to determine the position of his aircraft and to direct 
it from place to place. He accomplishes this by measuring qr 
calculating and keeping account of navigational factors, such as di> 
rection, distance, time, wind, and speed. By using his flight plan, 
a pilot ma> glance at his 1/iformation and determine how the flight 
is progressing. 

It is possible, using only the basic instruments explained in the 
previous chapter, to navigate directly to any place in the world. 
However, navigation js only as accurate, as the information avail- 
able. Instruments arc not alwavs exact, corrections figured on the 
ground aren*t exactly true in the air, and, even though most pilots 
find it hard to admit, their ability, to hold exact airspeeds, altitudes, 
and headings is not always perfect. For this reason, the result of 
DR should not be considered an exact point but a probable posi- 
tion from which you tan start using some other navigational aids. 
Therefore, such things as celestial, radar, LORAN, pilotage, etc, 
should be considered as navigation aids. These aids are known pri- 
marily as fixing aids, and they provide information from which 
winds, groundspeeds, and alterations to the path of the aircraft 
can be computed. Proficiency in DR procedures is indispensable 
it full use is made of these aids to navigation. 
The factors that are used in DR include: 
1 . True course (TC) / 



2 True airspeed (TAS) L 

3. Wind direction (W) 

4. Wind velocity (V) 

5. True heading (TH) 

6. Groundspeed (GS) 

To understand how these are derived and put to use, we must 
understand the wind triangle. Any vehicle, traveling on the ground 
moves in the direction in which it is steered or headed. Ground 
vehicles are affected very little by wind. An aircraft, on ih<^ other 
hand, seldom travels in exactly the direction in which it is headed. 
This is caused by the wind effect. 

The horiz.ontal motion of air over the earth*s surface is called 
wind. Wind direction (W) is the directum from which wind moves. 
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Thus, a wind that blows from the south toward the north has a 
direction of 180\ The wind vdocitj (V) is stated in knots. When- 
ever a wind is reported, the. wind direction and velocity are 
combined and reported as a W/V. For example, a wind from the 
west blowing east at 20k is reported as W/V, llO'^/lOk. 

Consider the effect of wind on a balloon that has no propul- 
sion of its own. In Figure 47, a balloon is launched at point A 
at 0900. If the wind is 270'/ 20k, where is the balloon at 1000? 
Thmk pf the ballSon as floatmg in a bod> of air that moves from 
270'' toward 90" at 20L In one hour, 'the body of air moves 
20nm, and the balloon moves with it. Thus, in the illustration, 
at 1000, the balloon reaches point B, 20nm from point A in the 
direction of 90'. A balloonist never feels any wind because he is 
suspended in the body of air and moves with it. Consequently, 
no air moves past him. A balloon in the air is like an empty 
bottle floating ^owii a river, it travels with the current. 

Any free object in the air irioves downwind with the speed of 
the wind. This is just as tfue of an afrcraft as it is of a balloon-. If 




how 47 Rolloon Flooti Downwind ot rot« •quol ♦© Wind Sp#«d 
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an aircraft is flying in a 20k wind, the body of air in which it is* 
flying moves 20nm in one hour. Therefore, the aircraft also moves 
20nm downwind in one hour. This movement occurs in addition 
to the forward movement of the aircraft through the body of air. 

The path of an aircraft over the earth is determined by two fac- 
tors: (1) the motion of the aircraft through the air mass and (2) 
the motion of the air mass across the earth*s surface. The motion 
of the aircraft through the air mass is directly forward in response 
to the pull of the propellers or thrust of the jets. The rate of 
forward movement is true airspeed (TAS). The motion takes 
place in the direction of true heading (TH). The motion of the 
air mass is the wind. 

An aircraft's movement over the ground is comparable to a 
boat crossing a river. If the river has no current, a boat started 
at one shore of the river and rowed directly across the river would 
reach a point on the opposite shore directly across from its start- 
ing point. However, if there is a current, the boat will be carried 
downstream (Fig 48). Until the boat eventually reaches the op- 
posite shore, ihe displacement downstream depends on the veloc- 
ity or speed a\id direction of the current. Another factor affect- 
ing the point of landing is the speed of the boat. 

The aircraft in Figure 49 departs from point A on a heading 
of 360"* and flies for one hour in a wind of 270°20k. The air- 
craft is headed toward point B, directly north of A. If there were 
no wind, the aircraft would be at point E at the end of the hour. 
However, there is a wind. The body of air in which the air- 
craft is flying moves 20nm toward the east during the hour, and 




,/// 
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Figur« 48 Riv«r turrtn) off«c»i a boot (h« iam« ai wmd offi^tfi an oircro-^* 

'^54 




Figur« 49 In On* Hour, Aircraft Drifts Dqwnwmd and Amounts Equal to Wind $p«*d. 

the aircraft moves with u. Consequently, at the end of the hour, 
the aircraft is located at point C, 20nm downwind from point B. 
The line AB is the path of the aircraft through the body of air, 
the line BC shows the motion of the body of air. and the hne 
AC IS the actual path of the aircraft over the earth. Lmes AB, 
BC. and AC are vectors/ of Imes. that show speed by the length 
of the line and direction by the orientation of the hne. The navi- 
gation symbols used for each of these vectors are shown in Figure 
50 

The path over the ground is track (TR). In Chapter 3. we 
learned that the true course (TC) is the intended path of the 
aircraft over the earth's surface Track is the actual path that \hc 

t 
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AIRVEaOR(TH-TAS) 
Jrv% heading and airspeed 


— > — 




GROUND VEaOR(TR.GS) 
Track and ground speed 




— — 


WIND VEaOR(W/V) 
Wind direction and speed 




— ^ — 
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>Figu|f» 50. Stondord Plotting Symbol* for Vector*. 

aircraft has flown over the earth*s surface. TC is future and TR is 
past. 

The difference between TR or TC and true heading (TH) is 
the dispiacemcnt of the aircraft caused by the wind. This displace- 
ment is called drift. It is expressed as the angle between TH and 
TR. When an aircraft drifts right, the drift is referred to as right 
drift. V 

Any given wind will cause a different drift for every heading. 
For ejjample, if an aircraft were flying a heading of 360" and 
maintaining a TAS of 120k, it would have a right drift of 9"* 
with the 270*" /20k wind. If the aircraft turned to a heading of 
I20\ the drift would decrease to approximately 4^ and would 
be left drift. 

A change of headmg will also affect the distance flown over 
the earth*s surface in a"given time. With a given wind, the ground- 
speed (GS) varies on different headings. Using rtie same problem 
as before, TH 360\ TAS 120k, W/V 270^/20k, the GS is 
122k. When we turn to a heading of 120", the GS increases' 
to about 138k. Figure 51 shows the effect of a 270 /20k wind ^ 
on the GS and TR of an aircraft flying THs of 000\ 090% 180°, 
and 270^ 

We have now seen how wind affects an aircraft in flight. In 
attempting to fly from point A to point B, wc could let the wind 
drift us to point C and turn mto the wind to fly to our destina- 
tion B. This IS not very practical, since it would extend our flight 
unnecessarily. 

The simplest way to correct for wind is to head the aircraft up- 
wind to maintain the TC. This is called correcting for drift or 
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drift correction. f>he angle BAC in Figure 52 is the correction 
that is applied lev a TC to tind the TH. 

The amc^ni of d^ifl correction must be enough to compensate 
for the amount of drift on the particular heading. The drift cor- 
rection angle must be equal to the drift an^le. If drift is made 
to the right, drift correction must be made to. the left or minus. 
The drift correction angle is measured in the opposite direction 
of the drift and given a sign of plus or minus. Keep in mind that 
the compass rose increases clockwise, or to the right. 

Figure 53 shows the drift correction necessary in a 270"20k 
wind if the aircraft is to make good a TC of 000% 090% 180% 
or 270°. Note that, to reach poinr B or D, the aircraft need 
make no drift correction. To reach point A or C, the aircraft 
must head upwind. This mean'Sv that, to reach point A, tfie air- 
craft must correct to tfecsleft W\ apply a minus (-) drift correc- 
tion, and, to reach point CJJ^jUi^t correct to the right or apply a 
plus (+) drift correction. To find the TH to mak^ good a TC, 
you must compute a drift porrection and apply it *to TC (TC ± 
drift correction = TH).^ 




^ FiflMrt 51 EfUct of Wtnd on Aircroft flying m Opposit* Directions 
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; Figurt 52. Aircroft Htodt Upwind to Corrtct for Drift 

When the drift is left, correct to the right, and the sign of the 
correction iS plus. When the daft is right, correct to the left and 
the sign of correction is minus. 

\M\i) I n\ vN(,i \ 

We need not let the wind carry us where it will. We have 
found that, by turning >upwind, we tan correct for the wind's 
effect on the aircraft. This is fme, but we also must find a method 
of detcrmmmg the appropriate correction required for us to r^ch 
our destination. One method of doing this is to use the wind 
triangle and vector solution methods. For example. TH, TAS. and 
W/V may be known, but we need to Und TR and GS. 

The vector displaying either TAS and TH. TR and GS. or 
W/V can be drawn on paper as a straight Ij^e. The direction 
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of this line is the angle measured clockwise from true north. The 
length of the line shows the magnitude or speed of TAS, GS, and 
V. Arrowheads should be drawir-eq the line to avoid an> mis- 
understanding of its direction (Fig 54). ^ 

Two or more vectors can be added together by placing the , tail 
of each succeeding vector at the head of the previous vector. 
These vectors are known as component vectors. The sum of the 
component vectors can be determined b> connecting, with a 
straight line, the tail of one vector to the head of the other. This 
sum is known as the resultant vector. By its construction, the 
resultant vector forms a closed figure as shown in Figure 55. 
Notice that the resultant is the same regardless of the order as 
long as the tail oV one vector is connected to the head of the 
other. 

A vector illustration showing the effect of the wind on the flight 
of an aircraft is called a wind triangle. To develop the wind tri- 
angle, we use three vectors, the air vector, the wind vector, and 
the ground vector. 




Figur* 53 Maintaining Couri* in Wind 
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Figur* 54. A Vvctor hos both Mognitud* ond Direction 
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^Figuro 55 R»iultont Vtctor ii Sum of Component Vtctori 
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The- air vector is made up of TH and TAS. The wind vector 
is*WV. It is connected to. the air vector so that the tail of the 
wind vector is attached to the head of the air vector. A line con- 
necting the tail of the air vector with the head of the wind vector 
^is the resultant of the two component vectors. This resultant is the 
ground vector, and it depicts TR and GS. You must use the same 
scale to show GS, V, and TAS. Remember that the wijid always 
blows the aircraft front TH to TR. 

Consider what the wind triangle shows. In Figure 56, an air- 
craft departs from point A on the TH of SSO*" at a TAS of 150k. 
In one hour, if there is no wind, it reaches a point B at a dis-, 
tance. of 150 nm. Line AB shows the direction and distance 
that the aircraft has flown. The length of AB shows the TAS 
of the aircraft. Thus, AB represents the velocity of the aircraft 
through the air, and it is the air vector. ^ 

Suppose the wind were blowing from 270^ at'sOk, We thefT^ 
draw the wind vector (using W/V) from the, head of the air 
vector The length BC represents the Speed of the wind drawn to 
the same scale as the TAS. 

The line AC is the ground vector, which is the result of the 
wind, blowing on the aircraft as it flew its^ TH and TAS for a 
one-hour period. The length of AC represents the groundspeed 
drawn to the same scale as the TAS apd wind speed. The line ^ 
AC is the. resultant of AB and 'BC. 

Measuring^the length of AC determines that the GS is 15ak. 
Measuring the drift angle, BAC, and applying it to the TH of 
360^ results in the TR of 01 T. 

If two vectors in a wind triangle are known, the third oiie can 
be found by drawing a diagram and measuring, the parts. F6r in- 
stance, suppose that, after flying for one hour, we know that we 
have maintained a TH of 360' and TAS of 150k. Through pilot- 
age, we know that, in this same period, we had Anade good a 
TR of Oil" and GS of 153k. By drawing these two vectors and 
making sure that their tails 'are connected, we cajj fmd the WV. 
All that we need to do* is to measure the remaining vector, ' and 
the result will be W/V. 

The wind triangle includes six things, three speeds and three 
directions. Problems involving these six .quantities make up the 
major part of dead .reckoning na<^igation. 

There are three methods of solving the wind triangle. It may 
be solved by trigonometric tables, however, the accyracy of this 
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r- , Figur* 56. Wind Tnangtt 

method far exceeds the accuracy of the. data available aiKl of the 
results needed. We have already studied a second method of 
solvmg^ the wii\d triangle. We used a chart to draw two vectors 
so that *we could measure the vector representing the unknown 
quantities. A third method is to solve the wind triangle on the wind 
face of the computer. This method is explained in Appendix B. 
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WORDS AND PHRASES TO REMEMBER 



dead reckoning (DR) 
wind direction (W) 
wind velocity (V) 



drift correction 
component vectors 
resultant vector 
wind triangle 
air vector 
wind vector 
ground vector 



W/V 

velocity 

vector 



track (TR) 
drift 



QUESTIONS 



1. 



The basic method of navigation is 



2. Dead reckonhig is used fon 

a. prcfUght planning 

b. Lbflight checking / 

c. Both a and b 

d. None of the above 

3. True or False. The position obtained from DR should be considered a 
precise pobt. 

4. Celestial, radar, LORAN, and pHotage are used to: 
a. replace DR 

«b. find a known position 

c. update DR position 

d. b and c 

5. The six factors used in DR navigation are; 

a. d. . 

b. e. 

c. f. ^ 

6. Aircraft ver> seldom travel in the direction the> are headed because of 



7. A wbid vector is plotted (to/ from) the direction it moves. 

8. An object flyhig in a wind moves (downwhid/ upwind). 

9. Draw the symbols used to depict the following vectors: 

a. Aif Victor . , 

b. Ground vector 

c. Wind vector 

10. Trtie or False. A wind of 180*/60k will affect an aircraft on a TH of 
090* differently thaa an aircraft on a heading of 180*. 

11. Given; V 345/ 30k. FimV^e GS of an aircraft flying » TAS of HOK 
for headings of 345* and 165*. 

12. Drift ^ = Drift Angle. 
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13. Solve (he following: st 

Drift' Drift Correction 

9* Right +3* 



4* Uft -6* 



14. Fill hi the bUnlu b> referring to what >ou have lemmed hi chapters 5 
and 6. 

± Drift Correction = . 

± Var =z 

15. The length of a vector depicts . 

16. A whid triangle is made np of three vectors. What are the>7 What are 
the components of each? 

17. In a wind vector, the tail of the wind vector is connected to the 

of the air vector. The tail of the ground vector is connected 

to the of the wind vector. The of the 

ahr vector is connected to the ' of the gronnd vector. 

18. True or False. All speeds or magnitudes on a whid triangle must be 
drawn to the same scale. 

19. Name three methods of solvhig the whid triangle. 



THINGS TO DO 



L Construct a wind triangle to find the missing elements: 

TH 080 . 

TAS 150k 

TC 070 340 

GS 152k 160k 

W : 220 

V 20k 

2. Find a flight log and figure all the headings and speeds for a flight from 
the closest airport to an airport over lOOnm away. Obtain the wind for 
your altitude from the weaUicr station serving your airport. 

3. Usmg* Appendix B, solve the problems in No 1 above by using the com 
puter wind face. Check how close your answers arc. 



SUGGESTIONS FOR Fl RTHER READINGS 
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THIS CHj^PTER \% cctpte^ned with tho^e jiavigatlon olds that 
hdf) the pllot/navlgator tp determlni* his position. This position 
Is then used as the fadsi* to' continue the D,R problem. You 
will become" famllidr with the olds used prlmarUy for light 
aUcrJ^ flylngSuch di VOR^ TACAN, VORTAC, A0F. and 
You alio are inlroduced to some of the navigation aids used 
for military qnd large aircraft flying/^vch as, cejestlql/ radar, 
tORAN, dopplor. ai^d Inertlql nov?gatlbn systems*" Upon com- 
pletion of this choptfer, yoo shotitd : (1) understand th/uses 
6f VOR, VORTAC, AOF^.and ILS, (2) h^ famUlqr wftl? th^ uies 
of ci^testlal, rcidflc^OJ^AN, doppler^ and iitertlal navigation 
systems, qnd (3f) ujiyerstdnd how the navigation ^Ids com- 
bine with Dll; to solve )ho navigation problem. 



Dead Reckoning" (DR) is fundamental to navigation. Solving 
the wind triangle and finding positions based on time, speed, 
and direction are the foundations of navigation. Unfortunately, 
DR is seldom exact. When solving the wind triangle problems, 
we always started from a given point. The assumption is made 
that the position of this point is known exactly or nearl)^^ so. DR 
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always starts from a known position. The longer DR is used 
from this known position, the less reliable it becomes. Individual 
small errors can accumulate until the total error becomes dan- 
gerously large. 

A pilot/ navigator employs various means to determine his actual 
position in relation to the ground. When flying between 4,000 and 
10,000 feet on a clear day, we can frequently identify our posi- 
tion by using recognizable landmarks oj pilotage. When we identify 
a position accurately while in flight, the identification is called a 
fix. A fix serves as a new point of departure and cancels previous 
errors in DR. 

Obtaining a fix by pilotage is great as long as the weather is 
clear or the flight is made at, an altitude low enough for you to 
identify features on the ground. But when "this is not the case, 
we need other methods to obtain an acci^rate position. Another 
important reason for understanding other methods ^ navigation 
is that backups are needed in the event that a beaut^iful VFR 
day turns into a messy batch of clouds and bad weather. One 
killer of light aircraft pilots is attempted VFR flying into IFR 
weather. 

On the following pages, we cover the most widely used current 
methods of navigation so that you can at least recognize the 
methods as you begin to fly. Barely 40 years ago, w^ were 
almost totally dependent on pilotage. Now, we use basic naviga- 
tion concepts to navigate to the moon and beyond. 



The automatic direction . finder (ADF) receives radio signals 
from stations, such as radio beacons and commercial AM facili- 
ties. ADF equipment indicates the direction of the station being 
received in relation to the heading of the aircraft. In Figure 57, 
we sec our airplane flying north. The ADF indicates that a sta- 
tion is located 35" (to the right) of our position. In Figure 58, 
we have turned .our aircraft 35 °E anci are heading directly to- 
ward the station. When the ADF needle points to zero, the air- 
plane is flying on course to the tun^d station. 

The ADF is most often used for homing. The pilot tunes in 
a desired station and then flies directly to that station by keeping 
the ADF indicating needle on zero. Homing keeps the nose of 
the aircraft pointing toward the station. For this reason, the 
ADF has acquired the name Bird Dog* 

When homing in a crosswind, the airplane will follow a curved 
course. As the aircraft drifts downwind, the pointer will show that 

90 
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Station^ 




station© 




F,flur. 57. ADF S,o,.o« 35' Riflh. flfl- 5» S.o.ion on^u».. 

it ,s not heading directly to the station. Multiple, heading changes 
need to be made to cross the' station. When the aircraft passes . 
over the station, the pointer will swing from 000° to 180 (Fig 
59) 

Figure 60 shows how two kinds of stations "^ed for ADF 
navigation are depicted on a chart.' The radio station WRFS and 
it Suency are listed next to its tower location. The Alexander 
radio beacon is displayed by a group of dots with a circle center. 

NOK. rv( VN. VN» ^(>Kl ^( 

Todav the FAA expects all pilots to have a basic knowledge 
of the veri high frequency omnirange (VOR). VOR stations 
comprise the most extensively used radio navigation system for 
aircraft A VOR station operates in the very high frequency range 
of 108 0 Megahertz (MHz) to 117.9. MH^ A VOR station trans 
mit radio beams in all directions. For this reason it is sometimes 
called omni, which is short for omn.-d.rectional. Figure 6 shows 
how these radio beams, called radials. extend J rom . the s a- 
tion like spokes from'the hub of a wheel Each beam or radia 
identified by Its magnetic direction from the station A pilot 
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Ftgur* 60 Mop Portioyol of tvvo AOF Stotiont A Commtrciol AM Station ond o 

Rodio ft«ocon 

navjgatmg b> VOR may f]> to or from a station b> followmg 
the proper radial » reg. Jless of his location 

ADF transmissions arc subject to weather disturbances, and 
navigation b> them is affected b> wind and variation VOR sig- 
nals, on^ the other hand» are relatively free of weather dis- 
turbance Drift correction and variation do not need to be used 
because VOR radials provide their own continuous directional 
guidance 
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Figure 61 VOR Rodiols allow for 360 S«parat« Course Selections 

There are two components of the VOR in the cockpit, the 
control panel and the indicator The control panel usually con- 
tains a power switch, frequenc) selector knobs and indicator, 
and a volume control Figure 62 shows a milit^lf control panel 
There arc many different makes, and it takes a minute or two to 
become familiar with the controls of each 

Figure 63 shows three components of the VOR indicator 
Each of these gives the pilot information that he needs to navi- 
gate by VOR signals The first corfiponent, the course deviation 
indicator (CDI), has a vertical needle that swings to tiie left or 
right, showing where the aircraft is located in relation to the radial 
selected on the second component, the course selector. 

The TO-FROM indicator is the third component of the VOR 
indicator. This indicator tells the pilot whether the course selected 
will take the airplane to the station or from the station 

Using the VOR to fly to a VOR st/tion is very simple First, 
you find the frequency and identifier ^f the station, u^ing either 
a sectional chart or a special radio facijilies chart that shows VORs. 
VORTACs. TACANs. and some AD^s Next, you tune the VOR 
receiver to the frequency printed ojh the chart and identify the 
station by listening to the Morse c6de identifier or voice identi- 
fication If you cannot positively identify a VOR station, then 




NAVIGATION AIDS 




Figurt 62 Militory VOR Control Pon»l 




figurt 63 Coun* Indicator 
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do lyot use it for navigation purposes! After identifying the sta- 
tion, turn the course selector until the TO-FROM indicator 
shows TO, keep turning the course selector until the CDI is cen- 
tered. You now have the magnetic course toward the station on 
the course selector, turn the airplane until ihc compass and »the 
course selector are the same. If you keep the CDI centered, the 
airplane will fly the selected course directly to the station. When 
the TO-FROM indicator flips from TO to FROM, it is a posi- 
tive indication that you have passed over the station. 

The procedure to fly away from a VOR station is very similar. 
After tuning the VOR station and identifying it, rotate the course 
selector to the correct outbound bearing and center the CDI. 
Make sure that the TO-FROM indicator shows FROM. Turn 
the aircraft to the compass heading that corresponds to the 
course indicated by the course selector. If the CDI shows that 
the aircraft is either left or right of the course, small corrections 
in heading will return the aircraft to the desired course. 

Direction solves only a part of the navigation problem. If the 
pilot knows his distance from the station in addition to the direc- 
tion, his navigation can be accurate. For this reason, distance 
measuring' equipment v\as developed. Distance measuring equip- 
ment (DME) continuously measures the slant distance of an air- 
craft from a ground i^nit located at a known point. The ground 
unit consists of a cortibined DME receiver and transmitter. The 
ground-based system is called a transponder. Each aircraft 
equipped with DME has a unit called an interrogator. The inter- 
rogater emits a pulse (Signal), which is received by the ground- 
based transponder. The transponder then replies to the interro- 
gator with a similar signal (Fig 64). • 

The aircraft's DME unit measures the elapsed time between 
the transmission of the interrogator's signal and the reception of 
the transponder's reply. This measurement, called the slant range, 
is instantly converted into distance by the airborne unit. The dis- 
tance in miles is automatically and continuously shown on ^ dial 
on the instrument panel. 

When DME is used in combination with VOR, a pilot can tell 
at a glance the direction to a tuned station and the (iistance to 
or from it. 

Tactical air navigation (TACAN) is a military system of radio- 
electronic navigation that provides bearing information like VOR 
and distance information like DME. The need for a common sys- 
tem of bearing and distance information to both military and 
civilian pilots has resulted in a combination of VOR/ DME and 
TACAN. The combined system is (|^led VORTAC. 
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Figor. DU»onc.-M.a»orlhg Eqoipmtnt 

/ ' „ an aircraft is quipped wUh a ^ ' 
/ aircraft can -ccivc both d.ect^n^^^^^ ^.^^ ^OR 

mation from the ^^^^ ^^'^^^'V' also has DME equipment, 

ma-y receive directional guidance. .« information. 

,U will receive both directional 8"''^^"'^ ^^^^^ ,he radio and 
VORTAC stations now comprise the majority 

navigational aids in the ^"'f is displayed on a sec- 
• Figure 65 shows how a VORTAC 's^ JJ ;, blue and is 

tional chatt. A VORT^'^^.^^^f ° ^ol This azimuth symbol iS ad- 
surroundofl by an azimuth symbol This azi y ^ 
justedf^ local variation; ^hercfore^ a" that ^^^^ 
Lgnetic course f.^'^bol wi?^^ azimuth symbol 

■ ^t'^X T^Z^l^^ a VOR. there 
would be no channel given. 
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f.9«..65.AVORTAC.y„bol D.p,'oy,d on o Cho., 



receive signals fmm (he ground and di J ^^SI) 

telling the p,lo, whether hris lifn '^ u^ °" "^"^ '"^icator, 

'ine. The GSI tells him whe he h. ^""^^^ 

has .he right altitud g /e S& % ''1 °J "'^'^'^"^^ ^e 

louchdown point. ^ P^"" '° "'^'''^ good his landing 

•o'leMh: %^tz t::v\r:^T'v'' ^^--^ 

marker beacon light fSes when .u ^^""^ touchdown. The . 
specific positions on th ILS 'T'^' P''''' '^o / 

marker is located four o seve^ n il'^r'^ !" ^l^*^ ""'^r"^ 

d'e marker is located approx v % Son f 7""^^ ^'"^ 
indicates to the P'-oT t^ i^^^- 
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sight, he must go around and try another approach. In addition 
to the flashing light a high-pitched squeal comes through the radio 
to warn the pilpt when he reaches the middle marker. The ILS 
is the primary landing approach used by the airlines. 

CELESTIAL 

You are a navigator in an Air Force &~52. Your mission today 
is to fly undetected across th.e North Pole. There arc no VORs, 
VORTACs, or any other navigation aids around the North Pole. 
If you turn your radar on, you can be detected. What do you do 
under these conditions? *, . ' 

You ^um to the primal^ fixing method used by the ancient 
marinerscelestial navigaticm, or navigation using the sun and 
stars. When the ground is not visible and a position cannot be 
established with other methods, when you are tlying on long 
overwater flights, or when/^ou ^re flying over uncharted j^reaa, 
celestial navigation's an excellent aid. It has worldwide utility and 
IS extremely useful in polar regions where nothing else is available 
Furthermore, this type of navigation is not subject to enemy de- 
tection or jamming. , - ' - 

Celestial observations serve two purposes. First, they, provide a 
means of fixing an aircraft's position. . Second, they may serve as 
direction-finding references to check the accuracy of compass head- 
ings. 

Celestial sightings must be taken with 'a si^ecial instrument, the 
sextant. Before he can identify the stars to be used for a- celestial 
fix, the navigator must go through a precomputation of the positioil 
of the stars for the precise time when he will observe them with 
the sextant. To do this, he must use the Air Almanac and celestial 
tables for locating the position of the celestial body to be observed 

After precomputation, the navigator observes or "shoots" with 
his sextant one of the stars that he has sele9tSd. He shoots the 
altitude of the celestial body ^bove the horizon. Using a DR posi- 
tion as an assumed position, the navigator figures the difference 
.between the altitude of the star computed from the assliitied posi- 
tion and the altitude observed with the sextant. This difference 
indicates how far away the aircraft is flying from its assumed posi- 
tion. From ;his, a celestial Hne of position (LOP) is plotted. 
Th& aircraft is known to be located somewhere along this line 

At night, the navigator observes at least two other stars 
through his sextant, repeating the procedures above. Three inter- 
secting LOPs indicate the aircraft^s actual p6sition and give a fix 
During the day when only the sun is available, we cannot get a 
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fix unless we cross the sun LOP with an LOP from some other 
aid, such as radio or LORAN. > 



RADAR 



The term radar stands for radio detection and ranging. Radar 
works on an echo principle. A high energy radio signal is trans- 
mitted. The signal travels until it contacts an object, and then it is 
reflected back to the radar antenna (Fig 66).. 

^^^^^ antenna relays this signal to a cathode ray tube 
(CKT) or radarscope where it is displayed. Xhe distance to the 
target is determined by measuring the time required for the radar 
signa to reach the target and return to the antenna. The radar 
signal travels at the speed of light and makes the round trip in 
microseconds (a microsecond is one millionfh of a second). 

There are now many uses for radar: catching speeders on the 
highway, air-to-air intercepts for air defense aircraft, ships avoid- 
ing other ships, weather stations in locating storm -areas, etc. 

For air navigation, there arp two primary uses of radar. First air- 
borne radar can be used to locate targets oi^ the ground! By 
using DR and referring back and forth between radar and tffe 
chart, you can determine the aircraft's position. Proficiency in in- 
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Figure 67. A tyjpicat Radar ScOp* Pictur*. 



t^rpreting a radarscope requires a grc^t deat x)f practice. Figure 
67 shows a typical radarscope picture. ^ v . 

The second navigational use of radar is made in air traffic 
control., A radar located on the ground pan keep aircraft flying 
in the radar's area under surveillance and provide navigational as- 
sistance. 

( Rac}ar is also used to aid pilots in making approaches to air- 
ports. The airport approach cony^l at most major airports has 
^recbion approlach radar (PARl/which gives very accurate range, 
azimuth, and glide path infon^tion. PAR can be used to guide 
the pilot and his iircraft to the touchdown point "without the 
pilot-seeing the runway. , / 

y / rORAN 

Long-range navi/ation (LORAN) is used mainly by aircraft 
flying over ocean routes. Practically aU ocean areas of the North- 
ern Hemisphere Are served by LORAN stations. Aircraft must 
have a special KORAN receiver and special LORAN navigation 
charts to use thif system. 
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LORAN Stations are operated. in pairs, each pair consisting of 
a master station a slave station. Figure 68 shows the master 
station and the slave station sending out signals to the aircraft 
flying between them. A pilot first tunes his LORAN receiver to 
the desired pair of stations. The first signal received comes from 
the master station. After a set delay, the slave station emits its 
signal on the same frequency. Although the master signal is 
alwa>s received first, *the time interval between the reception of 
the master signal and the reception of the slave signal varies 
according to the position of the aircraft. The LORAN receiver 
within the aircraft measures the time difference between the two 
signals. ( 

This tiijie difference is constant at any one location, but there is 
more thah oneSjpoint from which the same time difference ma> be 
measured. A li b drawn through all such points takes the shape of 
a curved line ci:led.a hyperbola. LORAN navigation charts include 
a series of hygirbolas that represent various time differences for 
LORAN signals? 

On his LORAN chart, the navigator locates the hyperbola for 
the time difference measured by his LORAN receiver. Since this 
curved line passes through all points for which this time .differ- 
ence applies, the aircraft is located somewhere along this line. 
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Figure 68. Lon{) Rang* Navigation Sytttm (LORAN) 
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On the LORAN chart, the hyperbola that corresponds to this 
time difference is. the LORAN line of position on which the air- 
craft is located. 

A second set of LORAN signals is receivea, and the time 
difference for this set is determined by the receiver. This time 
difference is also plotted on a LORAN hyperbola chart, and 
another line of position can be established. The position of the 
aircraft is then determined as the point where these two lines in- 
tersect. 

DOPPLER 

Since man first fi^w, he has searched for a way to determine 
groundspecd and drift angle without aid from the ground. The 
ideal s>stem would solve the navigation problem any place in the 
world and would not be susceptible to jamming, dependent on 
ground transmissions, nor capable of use by the enemy for a 
counterattack. The s>stem would also need to be flexible enough 
to track aircraft even though thc> make unplanned deviations from 
the preflight course. Unlike celestial navigation, which can be 
rendered useless in bad weather or flights below clouds, an ideal 
s>&t;em must also be capable of operating at an> altitude or in any 
weSlher. Such an ideal system is being approached b> the Doppler 
effect and inertial navigation. 

Doppler is named after Christian Johan Doppler, a German 
mathematician who discovered the prmciple of Doppler effect 
Doppler effect can be observed by listening to the whittle of a 
passing train. As the train approaches, its whistle, as heard by a 
stationary observer, has a fairly, steady pitch which is higher than 
the true pitch. The speed of the approach is being added to the 
speed of sound. As the train passes, the ptich drop^ q^iickly to a 
frequency bctow the true pitch and remains at' thdJower fre- 
quency as the train \novcs away from the observer^ (Fig 69). 
Now the travel speed is being subtracted from the speed of sound. 

By using this principle of frequency shift and a computer, wc 
can measure the movement of an aircraft over the ground. The 
Doppler set transmits four radar beams downward at such angles 
that they outline the comers of a large rectangle beneath- the air- 
craft The Doppler effect shifts the frequency of the radar signals 
reflected back to the aircraft in proportion to the movement of the 
airplane The frequencies of the reflected signals arc compared 
with the frequency of original signals, and the difference is meas- 
ured by the Doppler set The data that is obtained from each of 
the four beams is then fed into a computer, and the computer 
calculates the drift angle of the aircraft and its exact groundspecd 
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The Doppler system constantly adjiSts to changes in wind direc- 
tion, aircraft attitude, and engine power, and it*givfes instantan- 
eous indications of each. Presented to the pilot/ navigator is such 
information as constant present position, miles- to-go k) destmation, 
and the extent to which the aircraft is off course. The computer 
may also be connected to the automatic pilot in many aircraft^ 
to keep the aircraft on course automatlc^Ity. 

© 

INERTUI NA\IG\T10N SVSWM 

< — 

The speed of present-day supersonic aircraft apd missiles re- 
quires more sophisticated navigational systems than thosp o£^ the 
past. The problem has been solved by the development of a re- 
liable, accurate inertt^l navigation system (INS). Inertia! naviga- 
tion uses measurement of .acceleration and is based on Nevvton's 
laws of motion. Although the basic concept of inertial navigation- 
,has been known for years, development was delayed because the 
required precision parts could not be manufactured. < . 

The INS is small ^iand versatile, and it can be designed f€r mis- 
siles, fighters, or bombers. It is a self^ontained unit requiring no * , 
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external inputs other than operating power. For this reason, it 
cannot be affected by electric countermeasures. 

To use the inertia! navigatiOT system, an accurate fix is found 
through pilotage, celestial, or other means. When this accurate fix 
or pp^ition has been set into the system, the inertial unit maintains 
a correct read-out of the aircraft position durhfe flight. The dis- 
tance and direction flown is computed from i«ormation provided 
by a device/:alled an accelerometer. ^ 

* The aficelcrometer is set into a stable platform, which is the 
"heart of the INS. With this gyro-stabilized platform, the INS is 
not affected b> airoraft maneuvers. The stable platform allows the 
INS to use only those movements affecting navigation. 

All information on aircraft movepient is fed into a computer 
{hat converts the information into present position coordinates, 
groundspeed, distance, and heading from last fix, distance, and 
heading to destination, aitd wind * components. In other words, 
when the INS is working properly, it solves the DR problem for 



INS is now used not onl> b> airplanes, ships, and submarines 
but also by ICBMs and space rockets for navigation. 
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fix 

ADF 



VOR 
MHz 



homing 
Bird Dog 



celestial navigation 
sextant 

precomputation 
Air Almanac 
assumed position 



omni 

course deviation indicator (CDI) 
course selector 
radio facilities chart 
TO-FROM indicator 
DME 



LOP 
radar 
CRT 




transponder 
interrogator 
slant range 



radarscope / 
microseconds 
PAR 
LORAN 
master station 
slave station 
hyperbola 
Doppler effect 



ILS 
GSl 

outer marker 
middle marker 



INS 

accclerometer 
stable platform 
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QLESTIOVS 

1. Why do we need navigation aids other than DR and pilotage? 

2. A new pofaf of departure or a point that cancels previous DR errors is 
called a 



3. When yon have a crossiFvhid and yon are homhig on an ADF, yon will 
fly a (straight/curved) course. 

4. VOR operates between frequencies MHz and 

MHz, 

5. A VOR radUl Is a dfa-ecUon (to/from) the station. 

6. TACAN gives the same ^formation as a VOR plus: 

a. Magnetic bearings 

b. Distance to the station 

c. Distance from the station 

d. b and c above 

7. Explahi how to plot a magnetic course from « VORTAC. 

8. Name three thhigs found hi the ideutifytag of a VORTAC. 

9. Name the three basic parts of the VOR hidicator. 

10. You have set 270 on your course selector and FROM Is showing on the 
TO-FROM tadicator. What course must you fly to get to the station? 

11. When the TO-FROM tadicator flips from TO to FROM you are: 

a. passing over the station 

b. on tile 090* radial 

c. hi a turn 

d. oo the 270* radial 

12. When are ti)e CDl and GSI used togetiier? 

13. What action should the pilot take If he does not see the runway by the 
middle marker? 

14. What are the two cockpit indicators that the ahplane Is over the middle 
marker? 

15. What are the advantages of celestial navigation? 

16. What are the two primary uses of celestial sighthigs? 

17. The histruments and or books used in celestial navigation are^ 

a. Ah* Almanac, LOPs, celestial tables 

b. sextant^ assumed position, celestial tables 

c. Air Almanac, celestial tables, LOPs 

d. Ah* Almanac, sextant, Celestri tables 

18. How is distance measured on radar? 

19. The radar signal travels at the . 



20. What are the two navigation uses of radar? 
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21. True or F«lse. The »dT«iit«ge of £oftAN Is that It tMkts no special 
equipment 



22, Doppler uses _ 
of (be aircraft 

a. one 

b. two 

c. tlxree ^ 
d* four 



23. INS U based oo 



beams to measure (be aircraft's movement 



laws of mptioQ. 



THINGS TO DO 

1 Ask an Air FcJrcc navigator to come to class and explain the practical 
aspects of each of the navigation aids. Find out what are best for wartime 
conditions and which work best in airline type flying. 

2 There are many types of hand-held sextants. Some are iwed for ships, 
and there are others still in exUtence whicli were used by the Air 
Force Obuin one along with the Air Almanac and celesUal tables. 
Review AFM 51-^0. which your unit has, and try to take some star 
shots. If you can't find a sextant, try some prccomputations using the 
books. 

3 Go back to Chapter 2. Replan that mission using ADF, VOR, and 
' VORTAC Attempt to fly with an instrument pilot and have hun show 

you the use of ADF, VORTAC, and ILS. 
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THE PLOTTER 

NoT£. A plotter and a navigation chart are helpful training aids for learning 
material in this section. 

The plotter is a small transparent instrument designed to draw 
and measure lines in desired, directions on navigation charts. The 
plotter is made of transparent plastic, therefore, you may read 
through the plotter as you work. Since it is plastic, specik care 
should be taken to prevent breaking it or leaving it in a hot 
area, such as an aircraft instrument panel where the heat can melt 
or warp it. 

The plotter has two basic components (Fig 70). It consists of a 
semicircular protractor with a, straight ^ge attached to it. Di- 
rection is measured with |he protractor, and the straight edge is 
used in drawing lines. 

Two complete direction scales located on the outer edge of the 
protractor are graduated in degrees. Inside jhese two scales are 
two other scales labeled 150 to 210 and 330 to 030. The direc- 
tion scales ^^re labeled every 10". Each smaller increment equals 
one degree. "Jhe outer protractor is used for measuring dkection 
between 00(5° (360^) and 180*". the Inner scale of the protrac- 
tor is used for measuring between 180** and 360**. 
Both the outer and inner scales increase in a counterclockwise 

direction.. In Figure 71, the arrow points to — ° oja the 

scale. (Do not write j^nswers in book). 

The diffej^ncd in the readings on the inner and outer scales is 
180^ For lnUaAP?» 080* on the outer scale is next to 260° 
on the inine/ scalfc This difference of 180° exists for every point 
on the two scales. Ixi Figure 72, the reading at arrovv^ A is 

^ , and the reading at arrow B is-^^ ^ 

Oh a Lambert chart, the meridians coiiverge tj^ward the poles. 
For Ihis reason, a »rhumb line and a great circle cpursc have ap- 
proxmately the same direction at the ''mid-meridSan of the pro- 
posca flight path. Since it is easier to fly one Hfcading atbng a 
planned route, the course direction should be measured at the 
mid-meridian (mid-longitude).'* 
Thq first step in measuring the course and distance to be flown 
the departure and destination points on the chart. Draw 
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the course line between these two poi/lts. If they are close to- 
gether, the straight edge of the plotter can be used. If they are 
far apart, two plotters or a plotter and some other straight edge 
can be used together. 

After the course line has been plotted, the next step is to de- 
termine its direction. Place the plotter on the course line so that 
the small hole in the center is located over the mid-meridian 
(Fig 73). 
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Flgur« 71. 198* lnn«r. 

The course direction is the angle between the vertical line on a 
meridian and the course line. This angle is measured by placing 
the meridian under the hole and aligning the base of the plotter 
parallel to the course line. 




Figur* 72 A'=^ 038' B = 218* 



116"' • 



AIR NAVIGATION 



3. UMiMsMftI*. 
rmiitinalmm 




2. C*nmbi»l« 



N 





A course line has two possible directions, the correct one and 
the opposite or reciprocal. For example, if you go due east, your 
direction is 090". If a line is drawn from where you are toward 
the cast, it has a direction of 090^ but the line also could be 
* measured the reciprocal of 090% which is 210"' or due west; The 
error of plotting and measuring reciprocals is, unfortunately, all too 
common, and such mistakes have resulted in serious trouble for 
man^ pilots and navigators. 

Just as the course line has two possible directions, does the 
protractor on the plotter. Small arrows are found on most plotters 
near the 90^-270^ marks to minimize the possibility of reading the 
wrong scale. The best method to avoid measuring reciprocals is 
to remember that, for courses plotted in an easterly direction, you 
must read the inner scale. 

If the meridian is not long enough to measure the direction, 
manipulate the plotter so that one of the distance scales is super- 
imposed on the course line with the center hple still on the mid- 
meridian (Fig 74). ' 

For a line that runs nearly north or south, it is difficult to align 
the hole in the plotter with a meridian. In this case, the easiest 
solution is to use a parallel of latitude as a reference instead of 
a meridian. To do this, you use the auxiliary scales located under 
the regular direction scales on your plotter. The auxiliary scales 
have a 60'' range, which is divided 30^ on each side of 000" or 
180^ 

Like the regular measuring scales, the auxiliary scales increase 
counterclockwise. The outer auxiliary scale starti at 150" and in- 
creases to 210"^/ The inner auxiliary scale starts at 330" and 
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runs through 000*" tb 030*^. If you want to measure the direc- 
tion of a course jihe located near 180°, or south, you use the outer 
auxiliary scafe, w^nen measuring, a course line near 000", or north, 
>ou use the inn^ auxiliary scale. When measuring clirectidfis near 
1>80^ -or 000^, ^lide the plotter until the center hole of the pro- 
tractor is located over a p^allel of latitude. Read the direbtioit 
on the appropriate auxiliary scale as shown in Figure 75. 




Figurt 7^ Alttrnaft Mtthodt of Plofting Courttt whtn Martdion <t too Shor^ 
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Figur* 76. To Draw a Cours* Lin*. 



To draw a course line in a given direction froni a known point, "N^ 
place your pencil point and straight edge on a known point. Then 
slide and pivot the plotter around the pencil point until the Center 
hole and desired direction are aligned along the same meridian. 
After you have aligned your plotter, draw the course line along 
the straight edge with your pencil (Fig 76). 

Most plotters also have scales for measuring distances. These 
scales vary according to the type' of plotter. Some use statute 
miles, others nautical miles. Some have distanc.es marked off for 
charts with 1.500,000 scales. Some have distances for charts with 
1.1,000,000 scales, other plotters have scales for both. Befor.e us- 
ing the plotter to measure distances, be sure that you are using 
the correct scale. 

On the Lambert Conformal Chart, one minute of latitude equals 
one nautical mile. Any part of a meridian graduated in minutes 
^ of latitude can -be used to measure distance. Measuire the length 
of the coiirse line on the chart, lay it next to the graduated merid- 
ian, and count the hunfiber of minutes of latitude. This numbor 
. * equals the total nautical mifes.^ ' ' 
[»" / Every chart has a scale of both nautical and statute mil(;s. This 
scale can also be used to measure the distance of the course line. 




Appendix B 
THE DEAD ^RECKONING COMPUTER 

^NoTE. To attain maximum benefit from this section, you should use a 4ead 
. ' recko;iing computer. 

, There are two components of the navigation computer, and these 
.are placed back-to-back. One side is a circular slide rule that can 
be used for arithmetic problems and is used in flying to figifre 
. time, distance, and other problems. On the other side, the vec- 
tors of the wind triangle can be displayed. 

SLIDE RULE FACJB 



The slide rule (Fig 77) cpnsists of two circular scales, 'one a 
stationary scale' (the Miles Scale), tjie other a rotating scale (the 




FIgur* 77. Slid* Rut* Fac« of tk* Dtad Rtekoning Computer. 
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Minutes Scale). Each scale has a reference mark, the XO called 
the "Index". The rotating scale also has a black arrowhead at the 
sixty-minute or one-hour point, which* is known as the "Speed 
Index". Graduations of both scales are identical. The graduations 
are numbered from 10 to 100, and the unit intervals decrease 
in size as the numbers increase in size. Not all ilnit intervals are 
numbered, and the first element of skill in using the computer is 
* the ability to*read the numbeVs. 

Unit intervals that are numbered present no difficulty. The 
primary problem lies in determining the correct values for the 
many small lines located between numbered intervals. There are 
no numbers, for example, between 25 and 30, but it should be 
obviou$ that the larger intermediate divisions are 26, 27, 28, and 
29. Between 25 and (unnumbered)' 26 there are five smaller 
divisions, each of which is .2 of the larget unit. K you .go back to 
the numbered units 10 and 11, you will find that the interval 
between the two numbers is divided into 10 smaller divisions. 
Each of these would be . 1 of the larger unit, and the longer mark 
at the center would indicate the ,5 value. Practice in reading the 
numbers.will give you the required skill, 

. \o find a number, such as 278, first find the 27 (for 270); 
then find t[iQ 28 (for 280), and then lojpate the fourth intermediate 
division (for 278). Each division has ,twb units. Foi; a number, 
such as 27812,, the point already' chosen for 278 wo\}ld be used. 
This same point would also be used for 27.8', 2.18, etc. Placing 
the decimal point is done largely by using common sense. 

The slide rule face of the dead reckoning computer. is so con- 
structed that any relationship between two numbers, one on the 
stationary scale and one on the movable scale, will hold true for 
all other numbejrs oh the two scales. If the two 10s are placed 
opposite each pther, all other numbers , will be identical around 
the whole circle, ll 20 on the inner scale is placed opposite 10 
on the outer scale, all numbers on the inner scale will be double 
those on the outer scale. If 12 on the outer scale is placed oppo- 
iste 16 on the inner scale, all nunxbers will have *a three-to-four 
relationship. This feature of the slide rule permits you to supply 
the fourth number of any mathematical proportion. The sim- 
plest and most useful application of this feature of the computer 
is the solution of time, speed, and distance problems. 

Time Speed, and Distance. A plane lias traveled 24 nautical mile* 
miles (nm) in 8 minutes. Hpw many minutes will be required ''to 
travel 150 nm? The answer is the missing numbpr in a simple pro- 
portion; 

24 _ 150^ 
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In tliis form, the proportion may be set on the computer ex- 
actly as It appears, with 24 on the outer Miles Scale opposite 
8 on the inner Minutes Scale. You now can xead the number 
opposite 150 nm and find it to be 50 mijiutes. You can also read 
the rate of speed opposite the arrowhead "speed inde^**. In this 
case, the rate is 1 80 nautital miles per hour or 1 80 knot^. In 
addition to the Minj^tes Scale, an inner Hours .Scale is use4 for 
reading times in excess of one hour. For instance, under 24 
on the inner scale is 4:00 or 4 hours. 

Using this basic proportion principle, you can solve many types 
of flying and math problems. 

MatffProblerns. The key to solving math problems on the computer 
is the unit index, which is the 10 (or 1.00, 100, 1000). The 
unit index is marked by a black box on both the rotating inner 
and fixed outer scales. 

To multiply, rotate the inner scale until the unit index is op- 
' positc one of the numbers on the outer scale. Opposite the other 
number on the inner scale, read thp answer (product) on the 
outer scale. For example, if wfe wanted to multiply 36 times 15, 
we would place the unit index under 36 on the outer scale, 
ilead the answer (540) on the outer scale opposite the 15 on 
the inner scale. Work the following problems and check your 
products against the answer sheet a? the end of the Appendix. 
Do not write your answers in the book. Multiply a by b. 

a b Product 



1. 210 la 

2. S75 12 

3. 26 26 
4.. 52.5 90 

5. ^106 10.5 

6. 215 110 

7. 19.6 12 

8. .084 41 

9. .32 4.2 
10. 2.1 156 



To divide, jthe multiplication process is reversed. The dividend 
(number to be divided) is placed above the divisor on the inner 
scale. The answer is read on the outer scale opposite the unit 
index. For example, if we wanted to divide 2700 by 25, we would 
place 25 under 27 (2700) and read the answer (108) on the 
outer scale over the unit index. Work the following problems and 
check your quotients against the answer sheet at the end of the 
Appendix. Do not write your answers in the book. Divide a by b. 
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a 


b 


1. 


241 


10 


2. 


170 


15 


3. 


27.8 


8 


4. 


S25 


25 


5. 


4380 


219 


6. 


1*550 


310 


7. 


^7 * 


14.8 


8. 


341 


98 


9. 


100 


24.3 


10; ^ 


220 


19 



Quotient 



Tmt, Speed, and Distance. Suppose you are flying in a li^t air- 
plane, and you have traveled 36 nautical miles in 12 minutes, 
how fast are you going? This ia one typical problem that can be 
solved with your computed. This problem and many others can 
be solved in a few seconds using one hand. Therefore,, you can 
work problems and fly the airplane at the. same time. 

In the problem above, you set the 36 on the Miles Scale over 
the 12 on the Minutes Scale and read your ground speed oppo- 
site the black arrowed speed index. In this example, you are fly- 
ing 180 knots. 

Using this same example, suppose that you have 210 nm to go. 
How long will it take you, assuming that you will fly the same 
groundspeed? Leave the speed index under 180, read' the time 
that it will take you to travel the 210 nm opposite 21 on the miles 
index. Thc^.-answcr is 70 minutes or 1. hour and 10 minutes. 

Another problem common to ahnost all flights is determining 
the distance traveled ^ at a given speed after a given amount of 
time^For example, how far would you go in 36 minutes at 167 
knot^ Set 167 (one-half the distance between 166 and 168) 
over the speed u^ex and read the distance over 36 on the Min- 
utes Scale. You find that you would travel 100 nm. Fmd the 
nuissing quantities, check your answers against the answer sheet in 
the Appendix. Do not write your answers in the text. 







4 






Time 


Speed 


Distance 


1. 




145k , ■ 


. 128nm 


2. 


1:17 


150k 


run 


3. 




164k 


197nm 


4. ■ . 


:33 


. .. ,k 


78nm 


5. 


:36 


139k 


nm 


6. 


:18 


, ,k 


47nm 
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Time 


Speed 


Distance 


7. 




132k 


203nm 


o 
0. 


1:18 


k 


194nm 


9. 


:47 


147k 


nm 


10. 


1:34 


. .k 


412nm 




Fuel Consumption. Another important use of the computer is the 
solution of problems concerned with fuel consumption. It gets 
lonely and mighty quiet when you run out of fuel at 3,000 feet, 
20 miles short of your destination. 

Problems in fuel consumption are solved in the same manner 
as speed problems, except that the rate is expressed as gallons per 
hour (gph) instead of miles per hour. Therefore, gallons, like 
miles, are read on the outer scale. The arrow is again used as the 
rate' index. 

You ^e one hour from your destination^ and you are burning 
85 gallons per hour (gph) with 150 gallons remaining. Do you 
have enough fuel to make it? The first step is set the speed index 
(black arrow) to the rate of consumption (85 gph). Under the 
fuel available (150 gallons) on the Miles Scale, read the time of 
flight oh the hours scale (1.46). In our' problem, we have 1 hour 
and 46 minutes of fuel with one hour to fly. We would reach 
our destination with 46 minutes of fuel in reserve. 

In another case, assume that you have flown 1 hour and 28 
minutes and have burned 135 gallons of fuel. What is your rate 
of fuel consumption? Under the total fuel consumed (135 gas), 
set the time (1:28) on the inrKcr scale. Read the rate of con- 
sumption (92 gph) on the outer scale opposite the arrow. 

Another important aspect of preflight planning is cafculating the 
total fuel required for the flight. Let's assume that you are figuring 
a flight that will last 2 hours and 10 minutes, and your aircraft 
bums 85 gph. How much fuel is required for your flight? Set the 
arrow at the rate of consumption {85 gph) on the outer scale. 
Over the time (2:10) on the inner hour scale, read the total 
fuel required on the outer scale (184.5 gals). Find the missing 
quantities; check your answers against the answer sheet at the end 
of the Appendix. Do not write your answers in the book. 

Time Rate Fuel 

(gph) (gals) 

1- . •35 ^ 17 

2. ^ 40 ^ 113 

3. ' 23 73 

4. 1:10 ... 35 

1^5 
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Time 


Rate 


Fuel 






(ghp) 


(gals) 


5. 




55 


238 


6. 


2:16 




77 


7. 


2:17 


43 




8. 


1:56 


■31-.. . 




9. 


:48- 




.28 


10. 


3:24 


15 





Statute Miles, Nautical Miles, and Kilometers Conversion, Most 
navigational calculations use nautical miles and knots. In light 
plane flying, work is sometimes done in statute miles and miles 
per hour (mph). There is a move in this couptry to convert to 
kilometers in the metric system. The slide rule face of the dead 
reckoning computer provides a wa> for converting distance meas- 
ures from one system into the other. This can be done by using 
the NAUT, STAT, and Km markings on the outer scale. To con- 
vert 220 nm to statute miles or kilometers, place 220 under the 
NAUT arrow and read the statute mile conversion under STAT 
(254) and the kilometer conversion under Km (406). Read the 
answers on the inner scale. Conversions of ^y of the other units 
are made in the same way. The known number is placed under 
the arrow for the unit in which that figure was expressed, and 'the 
unknown quantity is read under the appropriate arrow. Find 
the liiissing quantities; check your, answers against the answkr 
sheet at the tnd of the Appendix. Please do not write your 
answers in the book. 





Nautical 


Statute 


Kilometers 




Miles 


Miles 




1. 


160 






2. 




240 


•••• 1/ 


3. 






35 


4. - 




15 




5. 


8.5 






6. 




24 


7. 






47 


8. 




85 




9. 


92 






10. 




60 





As you progress to more complicated instrument naviga- 
tion ^d flying, you will Icam other uses of the computer. Pilots 
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often find it necessary toAnow how long it will take them to fl> 
a very short distance, and they will usually want to know the 
time in seconds. The SEC (seconds) index, on the DR com- 
puter gives a quick conversion. A small arrow has been placed 
on the Minutes or Inner scale at 36. This represents 3600 sec- 
onds or the equivalent of one hour. When this index is placed 
opposite a known groundspeed, the time to fly a given distance 
may then be read on the Minutes Scale under the distance to fly. 
The time will be shown in seconds. ^ 

The airspeed indicator is constructed to operate accurately under 
standard atmospheric conditions, (a pressure of 29.92 inches of 
mercury and a temperature of 15°Q. In flight, these exact con- 
ditions will rarely be found. Therefore, the pilot yvill need to cor- 
rect the readings of his airspeed indicator fgf pressure and tem- 
perature variations to find his true airspeed. The slide rule face 
of the dead apckoning computer has a special scale that will en- 
able him to make the necessary corrections, it is labeled FOR 
AIRSPEED AND DENSITY ALTITUDE COMPUTATIONS. 

We will not discuss the mechanics of calculating this correction 
'fiere, but this should be learned before taking the FAA Private 
Pilot's Exam. The method is explained in AFM 5 MO. 

You can find altimeter corrections using the FOR ALTITUDE 
computation^ window. Density, altitude, and drift correction to par- 
allel course can also be found. Many of these problems are being 
solved with modem instruments in new aircraft. Before flying, you 
should determine the corrections that you need and review . the 
procedures for cotnputing them. 

WIND FACE 

The jvind face 6f the computer (Fig 78) is used to plot the 
wind triangle. Before attempting to \ise this part of the computer, 
you should be thoroughly familiar with the wind triangle prgblem. 

The wind face has two parts, a circular disc and a slide. The 
circular plotting disc contains a compass rose and a clear plastic 
plotting disc with a small circle in tne center called the grommet. 
The slide has airspeeds calibrated on both sides. One side is used 
primarily for lower airspeeds ranging from 0 to 270 knots. The 
other side is used foi spreeds up to 800 knots. Both sides of the 
slide are marked off on either side of the speed lines in degrees 
of drift. 

The wind face of the computer 'can be used tp compute any 
component of the wind triangle. In your preflight planning, you 
measured true course on your chart, and you obtained wind at the 
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altitude that you plan to fly from the weather station. You know 
the best true airspeed from previous experience and aircraft man- 
uals. Therefore, you have the following part^ of the wind triangle. 

, True ^ourse (TC) 
Wind direction and speed (W/V) 
True airspeed (TAS) 

You need to find true heading (TH) that needs to be flown to 
maJce good your TC and the groundspeed (GS) to be able to 
figure hew long it will take you to reach your destination. 



1. fiRAliE^ 



rntM INDEX 




COMPAQ «0S£ 
CIIICULAR WATE./ 



TRACK QHDniFT 
LINES 



iPEEDCltoLES 



3. SL^DB(mCARt> 




Figurt 78. Wind Fact of tha D*ad Rtdtonmg Computtr 
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Let*s assume that you have found for your flight today the fol- 
lowing infonnatlon: 

Wind Direction - 240^ ^ 

Wind Speed - 30 Knots 

True Course . - 195^ 

yTruc Airspeed - 180 Knots 

You need to find on your computer: 

True Heading 
Ground Speed 

The following is the sequence to follow in solving this probem. 

a. Set wind direction (240^) under the TRUE INDEX. 

b. Draw wind vector up from center of disk to the proper 
length for 30 knots. 

c. Rotate the 4zimuth until the TC (195**) is directly under 
the TRUE INDEX. 

d. Now,M^e ihe grid through the computer until the end of 
the wind vector rests on the TAS (180k). 

e. Note the wind correction angle (T'R), Each graduation right 
or left of the center line is equal to T. Under 150k, the grad- 
uations equal 2''. 

f. Remember that a right wind correction is applied to' a left 
drift and a left correction to a right drift. We subtract for left 
wind correction and add for right drift correction. We are reading 
drift correction angle off the computer. In our example, we have 
T^l^ drift correction; therefore, we add 7*" to our TC to attain 
our TH. TH in our problem equals 202^. 

g. The GS can be read directly off the computer. The number 
underneath the grommet equals the GS. The GS in our example 
is 158k. 

With' this information, you know that, to make good your TC 
of 195^ you must hold a TH of 2P2^ You qIso know that your 
speed over ihi ground will be 158k. By taking this speed and 
setting it on the slide rule face opposite the distance to be flown, 
you can find how long it will take. 
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Exercise. Solve the follo^ving problems, check your answers against 
the answer sheet at the end of the Appendix. 

True True 

Wind Wind True Air- Head- Ground- 

Direction Speed Course speed ing Speed 

1. 148^ 32 080* 170 

2. 300* 18 010* 130 

3. 015* 26 160* 190 

4. 225* 15 275^ 140 

5. 1^* 35 050* 200 ' 

6. 078* - 30 ' 190* 175 

7. 110* 38 028* ^^300 . 

8. 045* 25 292* 165 1.:. / 

9. 060* 35 130* 180 

10. 310* 36 206* 145 

You may use the wind face side of the computer to solve <^er 
unknown components of the wind triangle. Fdr example, you ma> 
find TC and GS or TH and TAS with the wind face if you have 
the other data. Wind direction and wind speed can also be found. 

ANSWERS TO EXERCISE PROBLEMS 

aJaTH problems time. SPEED, AND DISTANCE, pages 120-21 
*V/iODUCTS . . . page 119 



1. 


2100 


1. 




2. 


4500 


2. 


192am 


3. 


676 


3. 


1:12 


4. 


4725 


* 4. 


142k 


5. 


1113 


5. 


82nm 


6. 


2365 ^ 


6. 


156k 


7. 


235.2 


7. 


1:32W 


8. 


IMA 


8, 


149k 


9. 


1.344 


9. 


115nm 


10. 


327.6 


10. 


262k 



QUOTENT page 120 FUEL CONSUMPTION, page 121-22 



L 24.1 ' • 


1. 


29.2gph 


2.^-H:33 


2. 


2:50 


3. 3.475 


' 3. 


:19 


4. 21 


4. 


30gph 


5. 20 


5. 


:26 


6. 5 ' 


6. 


34gph 


7. 38.5 


7. 


98 


8. 3.48 


8. 


60 


9. 4.12 


* .9. 


35gph 


10. 11.58 


10. 


51 
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STATUTE MILES, NAUTICAL MILES, A^D KILOMETERS, page 122 











fVllUillClwlo 


L 




160 


182 


' 296 


2. 




?08 


240 


' 335 


3. 




18.85 


21.8 


,35 


4. 




13 


15 


'24.1 


< 








15 (\\ 


6. 




20.8 


-24 


38.5 


7 






7Q 95 


47 


8. 




74 


85 


1^36 


9. 




92 


106 


170 


10. 




52 


60 


96 








WIND FACE, page 


126 






TH 


GS 


> 


1. 




090Vi 


155 




2. 




. 002 


123 




3. 




156 * 






4. 




i20 


130 


4 






058 


221 








181 


185 








036 


293 




8.' 




300Vi 


. 172 




9. 




I19Vi 


165 




10. 




221 


148 
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dtvtlopabit surfact: 42M3 

dtvlatlon: 69> 

dirtction: 3, 5, 34, 54 

distanct: 5, 34, 54, 115 ^ 

dislanct measuring tqulpmtnt (DME): 96 

distortion: 42, 44 

DME: stt distanct mtasuring tquipmtnt 

Doppltn 103-104 

Doppltr tfftcts 103-104 / 

DR: stt dtad rtckoning • 

drift: 80 ^ ' ^ 

drift corrtction: ll " ' - — 

drift corrtction angit: 81 



£ost is Uast and Wtst is 8tst: 70 
Easttm Htmlsphtrt: 22, 32 
tstimattd timt of arrival (ETA): 38 
ETA:* stt tstimattd timt of arrival 
tquaton 30, 37 ^ 
Exam^O'Grams: 21 



fix: 90 

fixing aids: 76 
flight planr 18 

flight strvict station (FSS): 18 
FS§: stt flight strvict station 



gallons ptr hour (gph): f21 
gtomttric pro{tctIon: 42 
glidt slopt Indicator (OSI): 98 
GMT: stt Grttnwich Mtan TImt 
gnomonic charts: 47 
gnomonic proftdlon: 46-47 
gph: stt gallons ptr hour 
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gratlcul«7 42 

gnat cirdt: 30, 36, 52 

grtat drcit ^urstt 54, 109 

grtat cird« routat 54 

GrMnWich M«an Timt: (GMT): 38 

Grftnwieh Mtrldian: 31 

ground vtctort 85 

groundsp^d (GS)i 61, 76, 123 

OS: stt ground sp«td 

GSIt st« glidt slop* indteafor 

gyrocompass: 67, 7) 

H 

htodlng: 35, 71 
Hippardius; 41 
homing I 90, 92 
hours scatt: 119 
hydrogrophie ftaturts: 7 
hyp«fboIat 102 



I 



^IFR: s*« instrumtnt ^ight rutts 
indtx: 118 

IIS: s«t instrumtnt landing systtm 
tndicoltd airs'p«td: 62 
indicaitd altitudt: .66 
insrtial navigation systtm (INS)i 104 
INS: sti intrtial navigation systtm » 
injtrumtntjtight rutts (IFR): 18 
instrumtfht landing systtm (IL$)i 97-98 
inttrrogaton 96 / 
isogonlc lints: 68-69 



{tt navigation charts: 10-11 



icilomtttr (km): 34 
km> stt Itilomtttr 
icnots: 34^ 
known position: 3 



Lambtrt Conformal Chart: 53-^54, 104 
landmark flying: 10 
targt scaltt 10 
latitudt: 31-33 
Itgtnd: 5 

llrtt of position (LOP)t 99 
lintar ftqturti 21 



long rang* navigation (LORAN): 101-103 

longitudt: 31, 33, 37 /'tyf^ 

LOP: stt lino of position ' 

LORAN: stt long rangt navigation « . ^ 

lost proctdurts: 24-26 

Low >Mtitudt Warning Symbol: 64 

lubbtr lint: 67 



magnttic compass: 67-68 
magnttic htading (MH): 67, 70 
magnttic north: 6$ * 
magnttic v^ariation: 69* 
maps: 9 

masttr station: 102 
mtan sta Itvtl (MSL): 67 
MtgaHtrtz (MHz): 91 
Mtrcator chart: 51, 54 
Mtrcator projtction: 48, 50-52 
mtridians of longitudt: 31 
MH: stt magnttic htading 
MHz: stt MtgaHtrtr 
^ microstconds: 100 
mid'mtridian: 109 
middit marktn 98 
mitts seal*: 117, 119^ 
minutts of arc: 33-34 
minutts of latitudt: 34, 115 
minutts scalt: 118-119 
MSL: stt mtan sta Itvtl 

nautical milt: 34 

navigation computtr: stt computtr 
nttdit, ball, and airspttd: 60 
Northtm H*mis^htrt: 3l 
NOtAMS: stt Noticts tt^ Airmtn 
Noticts to Airmtn (NOTAMS): 17 



obsolttt charts: 12 ^ *■ 

omni: 91 

optrationat navigational charts: 10-11 
orthographic proftctions: 41 
outtr marktr: 98 
owntr'i manual: 62 



PAR: stt prtcision approach rodpr 

ppralltis of latitudt: 31 

^raltft of tangtncy: 45, 49, 51-52 
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pilot w«ath«r reports (PlREPS)t 18 
pilotag*: 17 

PIREPS: it« pilot wt€ith«r reports 
pitot tubt» 61 
ptotttr: 109, 111, 413-115 
point of projtction; 46 
p«int of tongvncy: 44-45/ .52 . 
polar proi«ctIons: 46 
polar st«r«ographic chart: 47 
polar st4rtographic pro{«ction: 47, 49 
.position: 1, 4, 19 
precision approach radar (PAR)s 101 
prtflight planning: 4 
prtssur* altitud*: 67 
prim* mtrldian: 31 
probUmsr 

airspMdt 125 i 

altitud*: 

conv«rsiont 122 

distanctt 118, 120 

fu«l consumption: 121<-122 

heading: 125^126 

math 119-120 

spmd: 118, \20, 124-126 

tim«t 118, 120-121 

wind qsmputationt 125-126 . 
prohibited artas: 16 
projtctiont 42-44 



radar: 100 

radar scop*: 100-101 
radtals: 91 

radio fadlitits thdr^t 94 
rtciprocal: 112 « 
relief features: 6, 13 
restricted areas: 16 
resultant vector: 13-84 
Uhumb tine: 36, 51^52, 54, 109 



scale: 10 ♦ 

secant cone: 53' 

seconds of arc: 33 

sectional charts: 10, 12, 17, 20 

sextant: 99 

slant raA{]ej 96 

slave station: 102 

stlde>rul#: see computer 

small cirdesi 30 < 

smalt scale: 10 

Southern Hemisphere: 31 

special notices: 16 

speec(i %4 



speed index: 118-119 , 

stable platform: 105 

standard parallel:. 44, 51-53 

standard sea level conditions: 63 

statute miles: 34 

stereographic proiections: 42, 46 



TACAN: see tacti(ol air navigation 

tactical air na>i«gation (TACAN)^ 96-97 

TAS: see true airspeed 

TC: see true course 

ten mile increments: 19 

TH: see tru< heading 

tim**: 4-5 

To-From indicator: 96 

TR: see track 

transponder: 96 

track (TR): 35, 79-80 

true airspeed (TAS): 63, 76, 78, 124 

true altitude: 67 

true course (TC): 76, 79-81. 124 
true heading (TH): 67-68, 76, 78, 80-^1, 
124 

turn and bonk indicator: 60 

u 

undevelopable surfoce: 42 



VAR: see variation 
variation (VAR): 69 
vectors: 7% 84 ^ 
velodty: 78 

ve^ high^ /frequency omnirange (VOR): 
• 91, 95 * \ * 
VFR: see visual flight rules 
VFR Pilot Exam-0«Grams: 21 
visual flight rules (VFR): 18 . 
VOR: see very high frequency.- orfinirange 
VORTAC: 96-97 ^ 



w 

warning areas: 16 
Western Hemisphere: 22, 32 

wind: 76, 78 
wind direction: 76' 
wind facet 123-124* 
wind triangle: 82-Q3, 8578^, t22 
wind vector:* 65 



IC 




wind vtlodtyi 76-77, 79 > 
W/V: 77, 15, 124 

X • 

Y 



Z: tM Zulu llm* 
Zon* TIm*s 37 « 
Zulu Tim* (Z)i 38 
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